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FOREWORD 


Continued development and improvement of 
radios, television receivers, and other elec- 
tronic equipment is to a great extent dependent 
on new and better vacuum tubes. Because of 
constant circuit changes and improvements, 
keeping a current list of tube substitutions for 
radios and television receivers is almost a 
never-ending job. Therefore, as the number of 
new substitutions justify it, supplements such 
as this one will be published periodically in 
order to keep your information up-to-date. 


There are about 750 new substitutions listed 
in this supplement. Among these are some of 
the older tube types that were left out of the 


original Receiving Tube Substitution Guide Book. . 


Substitutions are also listed here for some of 
the types for which we then thought were no 
substitutes. Most of the substitutions listed are 
for television receivers. When substituting tubes 
in television receivers, refer to the information 
given in the article "Тире Substitutions іп 
Television Receivers" in this supplement. 


It is not the object of these instructions to 
tell you how to improve radios, television sets, 
and other electronic equipment, but rather to 
help you in using the tubes you have to replace 
those that are not available. 


It is important to understand that the infor- 
mation here calls for substitutes only. We do 


not recommend the use of these tubes when the 
original type is available. However, when you 
do not have the original tube types needed to 
repair electronic equipment, the Receiving Tube 


Substitution Guide Book and this supplement 


will prove invaluable to you. They will save 
you many hours and expedite repairs. In spite 
of over eight years experience in making and 
compiling these substitutions, there are no 
doubt some substitutions not listed here. Al- 
though a sincere effort has been made to list 
all the practical substitutions, to do so is 
practically an impossibility. We noticed while 
compiling these substitutions that one sub- 
stitute served as a thought starter that brought 
others to mind. It may work the same way for 
you. You may find a substitute that we do not 
have listed. If you do work out a good substi- 
tute, do not trust your memory, but write it 
up in a form similar to that used here and 
attach it to the proper page in your Substitution 
Guide Book. 


In addition to assisting you during times of 
tube shortages, this substitution information 


will help you to use tubes you have had on hand | 


for long periods of time. Also, when tubes are 
plentiful, the information can be used for re- 
converting in cases where the substitute is less 
efficient than the original. 


November, 1951 


H. A. Middleton 
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The complete story on the new 


companion to the Rider Manuals. 


For over 20 years, radio and television 
technicians have found Rider Manuals to be 
the most dependable source of accurate, 
factory-authorised servicing data on all 
models of radio, public address, and televi- 
sion receivers. This service is being con- 
tinued, but in addition, and as an aid to the 
radio and tv servicing industry, there has 
come into being a new arrangement whereby 
these same authentic and accurate data are 


made available to the industry. This 15 
RIDER TEK-FILE. 


Fig. 1. Contents of a typi- 
cal Tek-File pack. Note 
the waveform diagrams in 
the service data. Not 
shown here are the Han- 
dies and Binder Coupon 
З included in this pack. 
Monthly Packaged Service Data 


RIDER TEK-FILE answers the needs of 
many radio and television technicians. It 15 
packaged service information, representative 
of the data which the manufacturer uses in 
his own factory. The specialist on certain 
brands of receivers, the part-time worker, the 
engineer, the technician who repairs receivers 
in the home—their needs are satisfied by the 
packaged RIDER TEK-FILES because they 
can procure the data they need as they re- 
quire it. This applies to current models and 
old models. Each RIDER TEK-FILE Pack 
sells for only two dollars ($2.00) and con- 
tains all the features which have made Rider 
Manuals the standby of the servicing indus- 
try for more than 20 years. New selections 
are available monthly. Each TEK-FILE 


Pack is sold with a money back guarantee! 


Beginning with TV TEK-FILE Pack 
No. 57 all subsequent TV and Radio TEK- 
FILE Packs will show replacement parts 
and parts locations. 

All of this in a convenient folder, with the 
manufacturer’s name clearly marked on the 
top. This folder is so designed that it can 
be brought by the technician to his custo- 
mer’s home on a service call. He will there- 
fore have the information he needs right 
there with him when he needs it. The folder 
can also be filed in any standard 11% x 13% 
inches file cabinet for quick and easy refer- 
ence in the shop. 


TEK-FILE Handies 


As an additional aid TEK-FILE Packs 
contain a perpetual source of trouble cures 
and receiver changes. This information is 
furnished on convenient 3 x 45&,inch cards, 
known as HANDIES, suitable for filing in 
а 3 x 5 inch card file. Eight different cards 


1. Physical and electrical descriptions. 


2. Factory-tested and recommended in- 
stallation adjustments. 


3. Complete step-by-step alignment 
procedures. 


4. Oscilloscope waveforms for faster 
and more accurate troubleshooting align- 
ment. 


5. A tube location diagram. 


6. A complete chart of the normal 
voltages which should be found at the 
pins of all tubes. 


7. A complete parts list giving values 


Figure 1 shows part of the contents of a and tolerances. 


typical RIDER TEK-FILE Pack. The file 
folders contain a wealth of factual installa- 
tion and service data. 


8. Large size, easily followed sche- 
matic diagram. 


Resistor R-152, in the same section, is changed from 10К to 18K (5-С Part No. 28173). 


Resistor R-160, іп the Keyed AGC section, is changed from І8К to 22K (S-C Part No. 
149109). 


NOTE: These changes have been made in receivers date-coded 51-18-3 and later. 


© John F. Rider Publisher, Inc. 


EE ER EN М аа  Ҡ 


Rider Tek-File Handy Ne. 4 


Fig. 2. A typical Tek-File Handy. 
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with a binder for your data. See the coupon 
in each TEK-FILE Pack for details. 

Rider TEK-FILE indexes covering all 
issued Packs are available at your jobbers. 
If your jobber doesn't have the indexes — 
write us direct . . . it's free. 


| i - 
| | койсон NETS sell icing ад for easy 
| All of the information supplied on the 
ў е е е 2 А У - 
| | | женге 2 самая T 2. : ~ fri 4 by videa ‘alunite | HANDY is manufacturer-authorized, fac- 
| ite noise spots appearing in the picture in fringe areas, cause у ў ў Mc pam 
| | overshoot, тау be reduced by the foilowing changes: tory tested. АМ pical HAN DY , one of the 
ў | І. In the L-I2 position, the video detector load, peaking coil Part No. 114641 replaces | sixteen. included in the TEK-F ILE Pack 
| old Part No. 114716. shown in Fig. 1 is reproduced in Fig. 2. This 
| | 2. M qs коше, the video amplifier grid, peaking coil Part No. 114725 replaces | form of servicing aid is an exclusive feature 
| old Part No. S = 
| | 3. In the 1-14 position, the video amplifier plate, peaking coil Part No. 114691 replaces | of RIDER TEK-FILE. 
| old Part No. 114714. =e 
| | 4. In the 1-13 position, the picture tube cathode, peaking coil Part No. 114726 replaces | TEK-FILE Subscriptions 
| | old Part No. 114713. Compile your own yolume of Rider servic- 
| i 101 i ігсці 1,000mmf (Part Мо. 110599) instead 
| 5. —— С-101 in the contrast circuit becomes l,000mmf (Ра o ) in | ing data Bua monthly i dor: the actual 
| 6. Capacitor С-153, 33mmf, in the Noise Reference-Blanking Amplifier section, is removed. | publication of a Rider Manual. Subscribe 
| 7. rcr d С-151, in the same section, is changed from .Imf to 347mf (5-С Part Мо. | through your jobber for those Packs that 
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SECTION 1 


TUBE SUBSTITUTIONS IN TELEVISION RECEIVERS . 


Television sets of a few years ago, with 
their 7- to 10-inch picture tubes, used ordinary 
receiving tubes throughout except for the high- 
voltage rectifier tubes and, of course, the cath- 
ode-ray tubes. Consumer demand called upon 
the ingenuity of the television receiver and 
tube manufacturers for larger and larger pic- 
tures. Along with larger size picture tubes, it 
was necessary to develop other specialized 
types of television tubes. Special circuits in 
television receivers require characteristics in 
receiving tubes which are different from those 
of most ordinary radio receiving types. 

Consider the use of magnetically deflected 
picture tubes. The magnetic picture tube re- 
quires sweep amplifiers capable of high power 
output. Tube manufacturers developed special 
tube types for these circuits which are capable 
of high plate current without the use of ex- 
tremely high plate voltages. It is entirely pos- 
sible that efficient operation in this circuit 
could have been accomplished by the use of 
higher output tubes which were already avail- 
able and by increasing the size and output of the 
low-voltage power supply. However, the cost 
of building and maintaining this larger power 
Supply, its greater size and weight, and the 
added danger are only a few of the reasons 
why this was not done. By designing new and 
Special tube types, improved performance was 
made possible, circuits were simplified, and 
troubleshooting was made easier and safer for 
the television technician. 

Although there are some twenty to thirty 
stages commonly used in television receivers, 
there are only about thirteen different tube 


classifications denoted by manufacturers in 


common use. There are many variations with- 
in each of these thirteen classifications. A 
large portion of tubes in a given similar class- 
ification which are designed for the same cir- 
cuit application are enough alike to operate in 
some fashion when substituted for each other 
without change of circuit components. Some- 
times a type designed for one circuit gives 


excellent results in another circuit. It is some- 
times necessary to make mechanical changes in 
order to accomplish substitutions. | 

Because of the similarity of characteris- 
tics of many tubes, the more familiar the 
technician is with the circuit use of, the sim- 
ilarity between, and the satisfactory or unsat- 
isfactory operation of one tube type compared 
to another, the more versatile and valuable 
his tube stock becomes. This is true especially 
in an emergency. 

Listed on page 2 are thirteen classifications 
of tubes used in television receivers along with 
the commonly used types. Under each class- 
ification are listed the majority of individual 
circuits in which these tubes are used. A care- 
ful study of this chart will familiarize you with 
the tubes used in the most common television 
receiver circuits and will serve to expedite 
your service problems. 

These listings will serve to indicate the 
most common usages of the tube types in 
each classification. Other types that are not 
listed may come to mind as you look over this 
list, or you may find additional listings in 
your Receiving Tube Substitution Guide Book. 
Differences in circuitry as used by various 
manufacturers may place some of the tubes 
into categories other than those shown here. 
As stated before, the object of the chart is to 


list the most common types in their most 


common circuits. 

It has been found that substitutions in the 
front end or in the video strip can be more 
satisfactorily accomplished in television re- 
ceivers located in strong signalareasthanthose 
located in fringe areas. A very small loss or 
gain that would go unnoticed when a substitu- 
tion has been made in a receiver located in a 
strong signal area might be sufficient to ser- 
iously impair the picture quality in a fringe 
area. | 

In some areas, fringe conditions may exist 
on one channel while local conditions exist on 


another channel. Referring tothe classifications | 
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TELEVISION RECEIVER TUBES 


| Classification Common Types Specific Circuits 

| А 

| 1. Low-voltage Rectifier 5U4, 5V4, БҮЗ, 6AX5, 6X5, 2526 Low-voltage rectifier 

| 2. High-voltage Rectifier 1В3, 1V2, 1X2, 1Y2, 172, 5642  High-voltage rectifier 

: 3. Pentode Power Amplifier 6AQ5, 6F6, 6K6, 6L6, 6V6, Audio output 

| and Beam Power Amplifier 6Y6, 785, 725, 25L6, 35L6, Vertical sweep output 

ў 901,6 Horizontal sweep oscillator 
: High-voltage r-f oscillator 
| Video output 

|». | 4. Duo-diode Triode 6АТ6, 6АУ6, 6506, 6BF6, First audio amplifier 

Я 6BK6, 6BT6, 6806, 12AT6, 

| | 12506 

| | 9. High-frequency Triode 6AB4, 6C4 | Local oscillator in front end 
|| Vertical sweep oscillator 

| | 6. R-f Репіоде 6АС5, 6AJ5, 6АК5, 6А06, Video i-f amplifier 

|| 6846, 68605, 68016, 6ВН6, Sound i-f amplifier 

ў 6CB6, 12AU6, 12BA6 Radio-frequency amplifier 
|| Video output 

! 

! 7. Twin Triode 6BL7, 6F6, 6Ғ8, 676, 6SL7, Video amplifier 

[| 6SN7, ТЕТ, "F8, 12АТ7, 12AU7, Sync separator 

H 12AV7, 12AX7, 12AY7, 12AZ7, Mixer oscillator 

|| 125М7 Vertical sweep output 

М. 8. High-power 6AU5, 6AV5, 6805, 6806, Horizontal sweep output 

|| Beam Pentodes 6BQ6, 6CD6 

| 9. Damper Rectifier 6AX6, 6V4, 6W4, 12AX4, 25W4 Damper 

| |10. Twin Diode 6AL5, 6H6, 7A6, 12AL5, 12H6 Video detector circuit 


Horizontal discriminator 
Sound ratio detector 


—MÀ9 mind 
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| 11. Triple-diode Triode 6R8, 658, 6T8 Ratio detector and first audio 
| 12. Gated Beam Pentode 6BN6, 12BN6 ЕМ detector 

| Vertical sweep oscillator 

| 

| |13. High-frequency Triode 6U8, 6X8 Oscillator mixer 

| Pentode 
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as specified in the performance column of your 
Substitution Guide, the substitution of a "G" or 
"Р" classified type in the front end or video 
strip may impair the picture quality or even 
cause loss of the picture entirely in the case of 
the fringe area station while the local stations 
continue to be received satisfactorily. However, 
in times of tube shortages, when the original 
or a substitute with a classification of "E" is 
unavailable, this would be better than no recep- 
tion at all. 

The lack of uniformity of design and the 
variability of materials used in the manufacture 
of the same tube types by different manufac- 
turers may cause premature failure in a given 
circuit in one run of tubes while a different run 
will hold up well. A certain run of 6BG6 tubes 
installed in sets with a 17-inch picture tube may 
fail after a week or two because of their lack 
of power-handling capabilities. Tubes from this 
same run may give good service in other sets 
where the power output requirements are less. 
The same may be found to be true of damper 
rectifier types where extremely high peak in- 
verse voltages may cause flashover in an in- 
ferior run of 6U4 types. Low-voltage rectifiers 
in certain runs have been known to have inef- 
ficient filaments, and their output falls off 
rapidly when used in large-tube sets where out- 
put current requirements are high. When your 
service department finds such a run of tubes on 
hand, use them in the smaller-tube sets for 
most reliable service. 


Low-voltage Rectifiers 


Requirements for rectifier tubes in the low- 
voltage power supply of a television receiver 
are the same as for those used in ordinary 
radio receiving equipment, except that higher 
output current is usually required. 

When choosing a substitute, it is only neces- 
sary to select a type which has sufficient cur- 
rent-carrying capacity and a peak inverse volt- 
age rating equal to or greater than the original 
type. If the substitute type meets these require- 
ments but also has higher filament current re- 
quirements that will reach the maximum rating 
of the available filament transformer winding, 
it is recommended as a substitute over another 
type that falls short of output current and does 
not have at least an equal peak inverse voltage. 
This is so even though this latter type has the 
same filament rating as the original tube. 


Selenium rectifiers can be used as sub- 
stitutes for tube-type rectifiers. When sub- 
stituting with selenium rectifiers in the low- 
voltage power supply, it is good practice to use 
a large safety factor. For example, if the tube 
rectifier has a rated output current capacity of 
225 ma, use at least a 300-ma selenium rec- 
tifier or a larger one if space permits. Recti- 
fiers in the low-voltage power supply haye had 
a high record for failure. Thus, the practice of 
using at least the next size larger as a substi- 


.tution will help to eliminate expensive call- 


backs. Refer to the Receiving Tube Substitution 
Guide Book for additional information on selen- 
ium rectifiers. 


High-voltage Rectifiers 


There are only a limited number of types of 
high-voltage rectifiers being currently pro- 
duced. When choosing a substitute, use the type 
that has an equal or higher peak inverse voltage 
rating than the type for which you are substi- 
tuting. The output current requirement from 
these rectifiers is so small that little consider- 
ation need be given to this characteristic of the 
substitute type. 

Since there are only a few of this type of 
tube available, mechanical alterations are fre- 
quently necessary when making a substitution. 
You must either extend the plate lead, install 
sockets, or do other rewiring. It is sometimes 
necessary to increase the size of the high 
voltage shield or modify it in some other way. 
Make sure that all high voltage leads are prop- 
erly insulated and that the shield is fastened 
securely for safety's sake. One of the most 


с difficult substitutions here is for the Sylvania 


type 5642 because of the small size of this sub- 
miniature tube. It is necessary to find space 
for mounting a tube socket and a shield can. 


Pentode Power Amplifiers 


Pentode power amplifier tubes and the small 
beam power types are generally used in five 
different circuits in television receivers. They 
are the audio output stage, the vertical sweep 
output, the horizontal sweep oscillator, the 
high-voltage r-f oscillator, and video output 
stage. а 

When substituting in the vertical output or 
high-voltage r-f oscillator circuits, be sure to 
choose a type whose output is equal to or 
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greater than the original because of the amount 
of power involved in these stages. The use of 
a lower-powered tube than the original can 
sometimes be made to give from fair to good 
results by altering the values of the circuit 
components. The interelectrode capacitances 
are not generally considered to be a critical 
characteristic of the tube used in this circuit. 

The audio output circuits of television re- 
ceivers are not different from those used in 
ordinary radio receivers. Only in cases where 
high audio power is required from the receiver 
are substitutions in this stage critical. Com- 
ponent part changes may sometimes be neces- 
sary in order to secure optimum output from 
the substitute tubes. 

The video output stage is a wide-band 
amplifier and is not critical with respect to 
power output. This is true because it is feeding 
into a relatively high impedance load. It is 
important to choose a substitute with similar 
interelectrode capacitance in order to insure 
uniform amplification throughout the entire video 
band. It is better to choose a tube with lower 
interelectrode capacitance than the reverse. If 
the substitute tube has lower interelectrode 
capacitance than the original, over-peaking may 
result. This can be compensated for by the 
installation of small carbon resistors across 
the peaking coils. Their value will vary with 
the substitution and can be determined by ex- 
perimentation. 

The horizontal sweep oscillator circuit is 
the least critical of all stages discussed in 
this section. Therefore, when a receiver util- 


‘izes a similar tube in any of the other four 
Stages just mentioned, make the substitution in 
the horizontal oscillator stage. For example, 


assume that the vertical output tube is the 
same type as that used in the horizontal oscil- 
lator. If the vertical output tube is to be sub- 
stituted for, it is usually desirable to transfer 
the horizontal oscillator tube to the vertical 
output stage and then substitute for the horizon- 
tal sweep oscillator. 


Duo-diode Triodes 


Duo-diode triodes are generally used in 
only one stage of television receivers, namely, 
the first audio amplifier. This circuit is iden- 
tical to those used in ordinary radio receivers. 
When choosing a substitute for this circuit, the 
main consideration is the amplification factor 


of the triode section. Try to choose a substi- 
tute that has approximately the same ampli- 
fication factor for best results. These types 
are often used only as triodes and no connec- 
tion is made to the diode terminals. Under these 
conditions, they can be substituted for with a 
triode tube having characteristics similar to 
those of the triode section. 


High-frequency Triodes 


These types are generally used in two tele- 
vision circuits, the local oscillator in the front 
end and the vertical sweep oscillator. 

Local oscillator circuits used in television 
receivers are basically the same as those used 
in radio receivers. Television oscillators, how- 
ever, operate at a much higher frequency than 
do oscillators in ordinary radio receivers. For 
this reason, they are very critical as to any 
substitution. Even a very small change in the 
inductance or capacitance of the circuit may 
cause the circuit to become inoperative or op- 
erate at an incorrect frequency. Leads should 
be kept as short as possible. This should be 
kept in mind when making substitutions that 
require wiring changes. All of the mechanical 
characteristics of the circuit should be madeas 
similar as possible to the original. Some 
oscillator tubes have more than one of the pins 
connected to the same element in the tube. 
When a substitution is made, the same method 
of connection should be followed. 

The interelectrode capacitance of the sub- 
stitute tube has a large effect on the circuit 
operation. The type of oscillator and the physical 
construction of the circuit afford different 
tolerances according to the specific case. If 
the grid-to-plate capacitance is higher in the 
substitute tube, the oscillator frequency would 
be lower in proportion to the increase in 
capacitance. If. the capacitance is lower, the 
oscillator frequency will be higher. If the 
oscillator slug adjustment will not resonate 
the circuit to the proper frequency and the 
interelectrode capacitance is not too far off, 


it is possible that adjustment of the coils in 


the circuit will effect satisfactory operation. 
This, however, is no job for the novice, and, if 
you are not very sure of exactly how to go 
about it, let the job go until a satisfactory sub- 
stitute or the original type becomes available. 
The adding or removal of a shield in this 
circuit will sometimes change the effective 
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circuit capacitance enough to make the dif- 
ference between satisfactory and unsatisfactory 
operation. 

The vertical sweep oscillator operates at 
60 cps so that high-frequency triodes are not 
actually required for this circuit. However, 
they are sometimes used for this service. 
Under these conditions, they are not considered 
critical as to substitution. The ordinary radio 
receiving type triode will make a good sub- 
stitution in this stage. If the local ordinary 
oscillator in the front end fails and the same 
type is used in the vertical oscillator stage, 
place the tube from the vertical oscillator stage 
into the local oscillator socket and make the 
substitution in the less critical vertical sweep 
oscillator stage. 


R-f Pentodes 


Radio-frequency pentodes are the most used 
classification of tubes in television receivers. 
Because of this, there have been many varia- 
tions of this type produced. Many of these are 
of the miniature, seven-pin construction. 

In addition to some miscellaneous applica- 
tions, they are used in four different circuits 
of a television receiver. These are the radio- 


frequency amplifier in the front end, the video 


i-f amplifiers, the sound i-f amplifiers, and 
the video amplifiers. 

The small size of the miniature version of 
this tube type makes possible higher efficiency 
circuits at the very high frequencies. Therefore, 
the substitution of a larger tube designed for 
operation at lower frequencies will usually not 
be satisfactory. For example, a 6SH" could not 
be used as a substitute for a 6BC5 because of 
the higher interelectrode capacitance of the 
larger tube. This,in addition to the greater 
distributed capacitance in the circuit due to 
longer leads required when changing the tube 
socket, would make alignment of the circuit 
almost impossible. 

The radio-frequency stage in the front end 
is used primarily as an isolation stage between 
the antenna and the mixer. This stage is re- 
quired to have a wide pass band so that not too 
much amplification is possible. This tube is 
therefore considered to be reasonably non- 
critical as to substitutions. Even a large dif- 
ference in the gain of the tube used has little 
effect on the overall operation of the receiver. 

The video i-f strip utilizes three or more 


stages of amplification. Of these, the first and 
the last usually contribute the least to the 


amplification of the signal. These are, there- 


fore, the least critical as to substitutions. It 
is suggested that, when substitution is necessary 
in the i-f strip and where several tubes of 
identical type are used, that you first attempt 
a substitution without changing either alignment 
or component parts. Refer to your Receiving 
Tube Substitution Guide Book for performance 
classifications as ме аѕ characteristics. Tubes 
with high transconductance are usually the most 
satisfactory in this circuit, where amplification 
requirements are high. Theoretically, when a 
substitution is made in any of the video i-f 


stages, complete realignment is mandatory. 


However, from a practical ганарошь this may 
not be necessary. 

The sound i-f strip has a much narrower 
bandwidth than the video i-f strip, andthe avail- 
able amplification is ordinarily greater than is 
required. For this reason, a reasonable reduc- 
tion in the gain of the sound i-f stage is con- 
sidered unimportant, making the circuit less 


stages. 

It may be found that one of the video i-f 
tubes in a given receiver is defective and that 
the tubes used in the sound i-f are of identical 
types. In this case, replace the defective video 
stage tube with one of the sound stage tubes and 
proceed with the substitution in the less critical 
sound stage. 

In the circuits discussed acus it is very 
important that connecting leads be kept short. 
When changing a socket, be sure to reconnect 


the leads the same way as they were originally 


in order to avoid increasing the distributed 
capacitance of the circuit and to minimize the 
possibility of regeneration. 

The video output stage is not very critical 


as to substitutions. If you have a variety of sub- 


stitutes, it is recommended that you try them 
all and use the one that produces the best 
results. If over-peaking is evident in the pic- 
ture after a substitution has been made, this 
can be eliminated by shunting the peaking coils 
with small carbon resistors, as mentioned 
previously. 


Twin Triodes 


Twin triodes have many :equivalents and 
many uses. Some of these are the following: 


critical to substitutions than are the video i-f — 
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mixer-oscillator, sync separator, video ampli- 
fier, vertical oscillator, horizontal oscillator, 
and horizontal frequency control. 

In its application as mixer-oscillator in the 
front end, substitution is very critical. It is 
important to choose a substitute type tube whose 
interelectrode capacitance is very similar and 
which was designed for the same circuit. If 
the interelectrode capacitance is not too dif- 
ferent from that of the original, adjustment of 
the oscillator tuning slug will resonate the 
oscillator circuit at the proper frequency. For 
further information on the operation of the 
oscillator section, refer to the paragraph dis- 
‘cussing high-frequency triodes used as local 
oscillators in the front end. When twin triodes 
are used (with one triode as the local oscillator 
and the other as the mixer), so long as the 
oscillator circuit operates properly with the 


substitute, the mixer circuit can usually be 


relied upon to operate equally well. The mixer 
alignment should be checked and adjusted if 
necessary. 

Sync separators operate at low frequencies 
and at low power. They are considered non- 
critical as to substitutions. In making your 
choice of a substitute for this circuit you need 
give little consideration to the interelectrode 
Capacitance and to the recommended operating 
frequency of the type used. Try to choose a 
type in which the plate current, amplification 
factor and grid bias are approximately the same 
as the original. 

Video amplifiers are wide-band amplifiers, 
and, therefore, when choosing a substitute type, 
select one that has similar interelectrode ca- 
pacitance in order to insure uniform amplifi- 
cation throughout the entire band. 

The vertical oscillator and the vertical out- 
put stage functions in television receivers are 
ordinarily performed by the same tube when 
a triode is employed. It is important when 
choosing a substitute for these stages that the 
substitute type have equal or higher power rating 
characteristics. All other characteristics are 
relatively unimportant, and the circuit is gen- 
erally considered non-critical as to substitu- 
tions. 

The horizontal oscillator and frequency con- 
trol circuit functions are sometimes performed 
by the same tube. The circuits are also con- 
sidered fairly non-critical as to substitutions. 
When choosing a substitute for these circuits, 


select one that has similar power rating char- 
acteristics. The interelectrode capacitance has 
little effect on the circuit. 


High-power Beam Pentodes 


These types, as used intelevision receivers, 
were especially designed for use with mag- 
netically deflected picture tubes. Effectively, 
they are redesigned versions of the high-power 
audio output pentode tubes as used in low power 
amplifiers. They are highly insulatedin order to 
withstand the high peak voltages in the hori- 
zontal output circuit of a television receiver. 
The high output power needed requires these | 
tubes to be so designed that they draw high 
plate current while using low operating voltages. 
When substituting in this circuit, it isimportant 
that the substitute be capable of equal or higher 
output as compared with the original type. 


Damper Rectifiers 


Damper rectifiers with indirectly heated 
cathodes are especially designed for television 
service and are capable of withstanding high 
peak inverse voltages and of producing fairly 
high output currents. When choosing a substi- 
tute for the damper stage, be sure that it is 
capable of withstanding the high voltage without 
flashover and that it has at least an equal 
current rating as compared to the original. A 
high percentage of failure of this tube type is 
due to flashover between the heater and cathode. 
If no substitute tube is available that has an 
equal or higher peak inverse and output current 
rating, try an ordinary radio power rectifier 
that has the required output current rating. The 
filament must be heated by a separate trans- 


former having a breakdown voltage rating of 


not less than 3,000 volts. When this substitu- 
tion is made in a transformer-type television 
receiver, the original filament leads should be 
disconnected and securely taped. In trans- 
formerless receivers, where the damper tube 
filament is a part of a series circuit, the 
original filament leads must be disconnected 
from the socket and reconnected to a resistor 
of the correct value to properly complete the 
filament circuit. Data for computing the fila- 
ment resistor necessary is contained in the 
Receiving Tube Substitution Guide Book. 
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Twin Diodes 


Twin diode tubes are generally used in 
three different television circuits. These are 
the video detector, the horizontal discriminator, 
and the sound detector. There is a very lim- 
ited choice in this classification. It may some- 
times be found necessary to use the corre- 
sponding diodes in some multi-purpose tube to 
accomplish substitution in these stages. When 
this is done, connect all unused elements in the 
substitute tube to ground. If a substitute tube 
is not available, any of these circuits can be 
made operative by the use of a pair of ger- 
manium crystal diodes whose current ratings 
are comparable to the original tube. When a 
substitution has been made in the sound de- 
tector, the last i-f sound stage should be checked 
for alignment. When a substitute has been made 
in the video detector, the alignment of the last 
video i-f stage should be checked and realign- 
ment performed if necessary. 


Triple-diode Triodes 


Triple-diode triodes especially designed for 
television receivers are frequently used in the 
ratio detector and first audio circuits. There 
are a very limited number in this classifica- 
tion of tubes. The circuits are considered fairly 
non-critical as to substitutions, but the problem 
of finding a substitute with the necessary quan- 
tity of elements may be difficult. A good sub- 
stitute, however, is a duo-diode triode having 
similar characteristics and the addition of a 
germanium crystal diode to take the place of 
the missing diode element. Where space is 
not a factor in the substitution, a combination 
of two tubes may be used to accomplish the 
Same purpose. When making substitutions of 
this kind, select a tube with a triode section 
that has similar characteristics to the original 
type. Realignment of the last sound i-f stage is 
ordinarily necessary after this substitution has 
been made. 


Gated Beam Pentodes 


Designed especially for television and f-m 
receivers, the gated beam pentode is used in 
the f-m detector circuit and in the vertical 
oscillator circuit. No other tube type can be 
easily substituted in this circuit. The number 


of types available in this classification are very 
few. 

When this tube is not available,it will be 
necessary to substitute another circuit using · 
conventional tubes. A ratio detector should be 
substituted for the f-m sound detector. The 
reason for suggesting a ratio detector circuit 


is that a limiter stage is not usually required. 


Since the gated beam tube f-m detector does 
not require the limiter stage, the ratio detector 
circuit involves fewer circuit changes. This 
substitution could be accomplished with atriple- 
diode triode tube such as the 618 or типа 
duo-diode triode such as the 6AT6 in con- 
junction with a germanium diode crystal. It is 
necessary to change the last sound i-f trans- 
former to a ratio detector transformer and to 
change any other components necessary for thi 
new circuit. | | 
If the gated beam pentode is used as the 
vertical oscillator, it will again be necessary 
to change the circuit when the original type or 
a similarly classified type tube is not available. 
Any conventional triode having the required 
characteristics may be used as the vertical 
oscillator if the blocking oscillator circuit is 
employed. Any conventional twin triode with the 
required characteristics may be used if the 
multivibrator oscillator circuit is employed. 


High-frequency Triode Pentodes 


. These types are recent additions to special 
television types and are for use in the front 
end as the local oscillator and mixer. Like the 
high-frequency triode tube used as the local 
oscillator in the front end, they are very critical 
as to substitution. The type is composed of 
two separate sections: a high-frequency triode 
for use as the local oscillator and a pentode 
section for use as a mixer. The interelectrode 
capacitance of any substitution for these types 
must be very similar to the original. Shielding 
these types will change the circuit capacitance 
considerably. Since the variety of these types 
is very limited, it may be necessary to use two 
tubes as a substitute. The placement and the 
length of the connecting leads are a critical 
consideration when mechanical and wiring 
changes are required. The older type triode 
pentodes such as the 6F"7, 6AD7, and 6P7 are 
not capable of operation on television frequencies 
and cannot be satisfactorily used as substitutes. 


6AU6 ist, 2nd, 3rd video i-f 
|6АЏ6б 4th video i-f 
J6BC5 1st, 2nd, 3rd video i-f 
BBC5 4th video i-f 

6AK5 All video i-f 

6CB6 All video i-f 

9003 All video i-f 

6AH6 lst, 2nd, 3rd video i-f 
6AH6 4th video i-f 
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EXAMPLES OF PRACTICAL 
TELEVISION TUBE SUBSTITUTIONS 


RCA 630TS. The following substitutions were 
made in an RCA 630TS television chassis. 
This chassis is not only used in RCA television 
receivers but also in a great many other brand 
sets. ў 

Before the substitutions were made, all 
tubes and component parts in the set were 
carefully checked and found to be in good con- 
dition. The chassis was also carefully and com- 
pletely realigned for peak performance. Suit- 
able test equipment was used to show the dif- 
ferences in the response curves with the orig- 
inal and substitute tubes. 

The procedure was as follows: The response 
curve of the stage in which the substitution was 
to be made was observed on an oscilloscope 
and the gain and bandwidth were carefully noted. 
The substitute tube was then installed and the 


difference in response and gain were tabulated. 
The set was then completely realigned for op- 
timum output. The change in efficiency of oper- 
ation was then noted. The original tube wasthen 
reinstalled and the set was again completely 
realigned and made ready for the next substi- 
tution. 


Component parts were changed to adjust the 
bias and operating voltages of the substitute 
tube when required. In none of the following 
substitutions was there enough improvement to 
justify the use of the substitute rather than the 
original tube. A change in alignment was neces- 
sary in some cases in order to retain the cor- 
rect response curve. In a few cases it was 
necessary to readjust the sound traps after 
making a substitution. 


The results of making substitutions for the 
video i-f amplifiers follow. The original tube 
was a 6AG5. 


RCA 630 TS Video I-f Amplifier Substitutions 


Substitute 


Circuit Changes and Results 


No changes. Results equal to original after careful 


realignment. 


This substitution is not recommended. 


No changes. Results equal to original without realign 
ment. 


No changes. Results equal to the original after care- 


ful realignment. 


No changes. Different heater current but, because of 


parallel connection, no rewiring required. 


The cathode and suppressor grids are connected in- 


ternally in the 6AG5 but these elements are separate 
on the 6CB6. Connect pins 2 and 7 together on the 
Socket. If pin 2 is used as a tie point on the 6AG5, 
remove leads from pin. Solder these together and 
tape. Results equal to original. 


No changes. About 5 percent loss in gain after care- 


ful realignment. 


Results equal to original after careful realignment. 


This substitution is not recommended. 
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RCA 630 TS Video I-f Amplifier Substitutions (cont'd) 


Substitute Circuit Changes and Results 


lst, 2nd video i-f No changes. Results equal to original without realign- 
ment. 


3rd video i-f No changes. About 20 percent loss in gain after care- 
ful realignment. 


4th video i-f No changes. About 30 percent loss in gain after care- 
ful realignment. 


ist, 2nd, 3rd video і-ї Connect pins 2 and 7 together on socket. Results 
equal to original after careful realignment. 


4th video i-f Connect pins 2 and 7 together on socket. Results 
equal to original without realignment. 


The results of making substitutions for the ist video amplifier follow. The original tube was a 
6AU6. | 


RCA 630 TS 15, Video Amplifier Substitutions 


Substitute Circuit ка and Results 


No changes. About 10 parea increase in gain. 


No changes. About 20 ресе increase in gain after 
careful realignment of 4th video i-f stage. 


No changes. Heater current differs, but, since par- 
allel connection is used, no ve a About 
30 percent increase in gain. 


No changes. Results equal to original without realign- 
ment, 


No changes. The suppressor grid and cathode pin 
connections are reversed but both are connected to 
the same point. Results equal to original without 
realignment. | 


The results of making substitutions for the 2nd video amplifier follow. The original tube was a 
6K6. 


RCA 630 TS 2nd Video Amplifier Substitutions 


Substitute Circuit Changes and Results 


No changes. Heater currents differ, but this is a 
parallel circuit. Operates well without change or 
adjustment. 
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RCA 630 TS 2nd Video Amplifier Substitutions (cont'd) 


Substitute Circuit Changes and Results 


No changes. Heater currents DORR No Heater сштш differ, but this is a but this is a 
parallel circuit. About 20 percent increase in gain 


without adjustment. 


No changes. Heater currents differ, but this is a 
parallel circuit. About 20 percent increase in gain 
without adjustment. 


The results of making substitutions for the first two sound i-f amplifiers follow. The original 
tube used in the first two stages was a 6BA6. 


RCA 630 TS Sound I-f Amplifier Substitutions 


Substitute | Circuit Changes and Results 


No changes. Equal results after realignment. 


No changes. About 50 percent loss in gain resulted. 
This substitution is not recommended in other than 
strong signal areas. 


No changes. Heater currents differ, but this is a 
parallel circuit. About 20 percent loss in gain 
resulted. 


Because of slight differences in tube characteristics and variations in television receiver cir- 
cuits and operating voltages, results obtained in every case may not match exactly those results 
given above. However, diffierences in results should not be too great. 


Belmont 18DX21A. A Number of tube substitutions were made in a Raytheon Belmont television set, 
model number 18DX21A. Exactly the same procedure was used as in the case of the RCA 630 TS. 
The results of making substitutions for the limiter stage follow. The original tube was a 12AU6. 


Belmont 18DX21A Limiter Substitutions 


Substitute | Circuit Changes and Results 


12BA6 No changes. Operation is equal to the original. Re- 
alignment does not improve operation. 


No changes. About 30 percent loss in gain. Realign- 
ment and changes in operating voltages were at- 
tempted without satisfaction. If the set is located in 
a strong signal area little change will be noticed. Do 
not attempt this substitution for fringe area operation. 
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Belmont 18DX21A Limiter Substitutions (cont'd) 


Substitute Circuit Changes and Results 


The suppressor grid and cathode are connected to 
opposite pins. In this set these elements are con- 
nected together; therefore, no change is required. 
Substitution gives a 30 percent increase in gain 
without realignment and is recommended for fringe 
area operation. 


The results of making substitutions for the i-f stages follow. The original tubes used were 6BA6's. 


Belmont 18DX21A  I-f Amplifier Substitutions 


Substitute Stage Circuit Changes and Results 


No changes. Results equal to original after careful 
realignment. 


No changes. About 30 percent increase in gain after 
careful realignment. Recommended for fringe area 
operation. 


о érd i-f No changes. Results equal to original. No realign- 
ment required. 


1st i-f No changes. About 10 percent loss in gain after 
careful realignment. 


2nd, 3rd i-f No changes. Results equal to original after careful 
realignment. 


All i-f No changes. Results equal to original after careful 


realignment. 


1st i-f No changes. Results equal to original after careful 


realignment. 

6CB6 2nd, 3rd i-f No changes. About 30 percent loss in gain after 
careful realignment. 

6BC5 _ All i-f No changes. Results equal to original after careful 


realignment. 


In addition to the above, a 19C8 was substi- As pointed out previously, because of slight 
tuted for the 19T8 FM discriminator and first differences in tube characteristics and varia- 
audio amplifier. No changes were required. The tions in circuits and voltages, the exact results 
only apparent result was a slight loss in audio given above may not always be obtained. How- 


gain. ever, great differences should not be found. 
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SECTION 2 


RECEIVING TUBE SUBSTITUTION GUIDE 


This section includes the actual information 
on the tube substitutions. The same format is 
followed as was used in the Receiving Tube Sub- 
stitution Guide Book. Four columns are used. 
The first column gives the tube type for which 
a substitute is desired. The listing is innumer- 


ical-alphabetical order. No distinctions are 


indicated insofar as glass or metal tubes are 
concerned and the letters G, GT, GT/G, GA, or 
GP all have been omitted. In most cases, these 
letters simply indicate a glass type whose char- 
acteristics are practically the same as the 
metal type having the corresponding type 
number. | 

Column three lists the performance rating. 
Substitutions that we have found through prac- 
tical experience will operate with equal or very 
nearly equal results compared to the original 
and those that have equal or nearly equal 
electrical characteristics are given a perform- 
ance classification of E for EXCELLENT. Sub- 
stitutions that we have found to operate satis- 
factorily, although they do show a distinct loss, 
or those that have the same functional classifi- 
cation as the tube being substituted for but 
whose electrical characteristics are from 20 
percent to 50 percent different, are classified 
G for GOOD. Others that are less efficient but 
which did operate in a fashion and those whose 
functional classification is different or whose 
critical characteristics are unlike the original 
by more than 20 percent are classified P for 
POOR. These are recommended for emergency 
use only. 

Column four gives the necessary circuit 
changes. It is impractical to include a listing 
of component part changes in order to alter 
the circuit with the substitute tube. The changes 
would vary widely with the type of circuit and 
the applied voltages; therefore, information 
correct for some sets would be grossly in- 
correct for others. Because of this, substitu- 
tions other than those classified E are not 
completely worked out for you. However, those 
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substitutions classified С are satisfactory in 


most cases without component part changes, thus 
saving the equipment owner added parts and 
labor changes. A complete discussion covering 
the technique of computing substitute bias and 
load resistance is contained in the Receiving 
Tube Substitution Guide Book. When making 
changes in component parts, always make a 
complete record of the original values of the 
circuit altered, and securely attach it to the 
chassis of the equipment. 


The necessary wiring changes, socket 
changes, and filament voltage adjustments are 
described in detail for each substitution listed. 
The instruction "Мо changes" indicates that the 
base wiring for the substitute is the same and 
that the filament voltage and current ratings 
are equal. The note "Parallel circuits only" 
indicates that the filament current ratings of the 
two tubes are unequal. This note is appended to 
some types that are not usually used in other 
than parallel circuits. This has been done to 
make the information more uniform and less 
confusing to the novice. 


A few substitutions are followed by the note 
"Series circuits only." In these, the filament 
current of the substitute is equal to that of the 
original but the filament voltage is unequal. If 
the filament voltage of the substitute is higher 
than the original, then the voltage is reduced 
on all the other tubes in the circuit. If the 
substitute has a lower filament voltage rating, 
the voltage is increased on allthe other tubes 
in the circuit. A series filament resistor is 
recommended where the increase in voltage 
amounts to more than five percent. When mak- 
ing substitutions requiring rewiring or socket 
changes, always make a note showing the 
original type used and the circuit in which the 
substitution is made. Then attach the note 
securely to the chassis. 

Some substitutions listed, like the nine- 
prong noval series, have a heater center-tap 
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connection which permits them to be operated 
at either 6.3 volts or 12.6 volts. These types 
are almost always numbered to indicate the 
higher heater voltage (12AT7, 12AU7). These 
types are listed as substitutes for the 6 and 7 
series tubes having 6.3-volt heaters. When 
this is done the two halves of the noval tube 
heater are connected in parallel, thus cutting 
the necessary filament voltage in half and 
doubling the current required. Depending on the 
heater current of the type being substituted 
for, these types may be marked "Parallel 
circuits only" or they may be usable in either 
parallel or series circuits. These same tubes 
may be listed elsewhere as substitutes for 
12.6-volt heater types. Whether these types are 
used as substitutes for 6.3-volt or 12.6-volt 
tubes, they will be operating at the proper 
voltage. 

Some miniature tubes with 12.6-volt heaters 
do not have tapped heaters. These are usually 
used in series circuits that are connected 


0A3-024 


directly to the line. Occasionally, a 12.6-volt 
winding is provided on the power калоо 
for the heaters in a parallel circuit. 

When substituting for 12.6-volt tubes in 
series circuits with 6.3-volt types having equal 
current ratings, the increase in voltage spread 
over all the other tubes is small and need not 
be considered. However, it is good practice 
to shunt a small resistor of about 300 ohms 
across the heater of the 6.3-volt tube in order 
to reduce the current flow through it during 
the time it takes for the tubes to heat. When 
a transformer winding is provided for the 12.6- 
volt tube and it is desired to use a 6.3-volt 
type, this can be done simply by moving one of 
the socket heater connections to the center-tap 
of the heater winding. 

It should be pointed out that when "electric 
operation" is referred to in the substitutions 
which follow, the term is taken to mean non- 
battery operation. In other words, the receiver 
is to operate from the power line. 


RECEIVING TUBE SUBSTITUTIONS 


CIRCUIT CHANGES NECESSARY 


TUBE SUB. PERF. 
0A3 0B3 P No changes. 
024 6AX5 Rewire as follows: 


Connect No. 
Connect No. 


o chassis 


2 
7 to 6 volt filament. 


t 
t 


6AX6 Rewire as follows: 
Connect No. 4 and No. 8 together 
Connect No. 2 to chassis 
Connect No. 7 to 6 volt filament. 
6BY5 Rewire as follows: 
No. 3 to No. 4 
Connect No. 1 and No. 8 together 
Connect No. 2 to chassis 
Connect No. 7 to 6 volt filament. 
6V4 Change socket to noval and rewire as follows: 
Мо. 3 on octal to No. 1 on noval 
(4) © to Уу 
ax 8 ip. 3 G D 
5 Ө (8) 
Әу) Connect No. 4 to chassis | хо G/ 
Connect No. 5 to 6 volt filament. 508. 
6X4 E Change socket to miniature and rewire as follows: 
Мо. 3 оп octal to No. 1 on miniature 
(ОДО) 5 to 6 б 
ЭХО; 8 со 49 7 D rà 
Ф-<9 Connect ріп Мо. 3 to chassis 2 Q 
ORIG. Connect pin No. 4 to 6 volt filament. оча. 
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TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
OZ4 6Y5 E Change socket to six prong and rewire as follows: 
No. З оп octal to No. 3 on six prong 
9 to 5 
8 to Е o9 
Connect ріп Мо. 1 on six prong to chassis (ог 50 
Connect pin No. 6 to 6 volt filament. on 
SUB. 
625 Е Change socket to six prong and rewire as follows: 
Мо. З оп octal to No. З оп six prong 
5 to 5 S 
8 to 4 8. 
Connect No. 2 and No. 6 to chassis or v 
Connect No. 1 to 6 volt filament. ОО 
sus. 
6ZY5 E Same as 024 to 6AX5. 
72,4 Е Change socket to loctal and rewire as follows: o9 
1274 E No. 3 on octal to No. 3 on loctal/@ 
: 5 to 6 
8 to 7 
Connect No. 8 on loctal to chassis and No. 1 on loctal to 6V hot lead. 
1A4 1A4P G No changes. 
1A4T 
1A5 1W4 G -= Change socket to miniature and rewire as follows: 
Мо. 2 оп octal to No. 7 on miniature 
3 to 2 > 
4 to 3 - p^ 
5 to 6 D @ 
7 to 1 CT 
3LE4 P Electric operation only. Same as 6W6 to 7A5 except do not connect 
3LF4 No. 8 on octal to No. 7 on loctal. 
1A5 3V4 P Electric operation only. Change socket to miniature and rewire 
as follows: | 
No. 2 оп octal to No. 1 оп miniature 
3 to 2 5 
4 to 3 T А 
5 to 6 © @ 
T to 7 SUB. 
Do not use pin No. 5. 
1A7 1LB6 G Change socket to loctal and rewire as follows: 
Мо. 2 оп octal to No. 1 on loctal 
3 to 2 
4 б ae; | беле 
5 to 6 © © 
6 to 3 ОДО) 
7 to 8 308. 
сар to 7 
1AE4 1L4 Р Parallel circuits only. Not satisfactory 
1T4 Р for oscillator. No changes. 
1U4 Р 
1АЕ5 105 G Parallel circuits only. Change connections as follows: 
Remove,connect and tape up any wires connected to No. 2. 
| Connect No. 5 to No. 2 
Reverse connections between Nos. 3 and 4 
1B3 1X2A G No changes. 
1Y2 G Change socket to four prong and rewire as follows: 
СҰ cs Мо. 2 on octal to No. 1 on four prong me 
© 7 to 4 З 
Ф“ Je cap to cap E 
XO) О *O 


ORIG. 


Required filament voltage for 1Y2 is 0.25 volt higher but operates >" 
satisfactorily in most cases. 
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TUBE 


1B3 


1С5 


lF4 


1F5 


1G5 


1G6 


1H4 


1H5 


SUB. 


1272 


1W4 


3LE4 
3LF4 


3V4 


1J5 


1G4 


1N6 


1SB6 


1U5 
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PERF. 


G 


AQ 


о a с »љ соса. an 


CIRCUIT CHANGES NECESSARY 
Parallel circuits only. Same as 1B3 to 1X2A 
Filament voltage 0.25 volts higher. Do not use on large sets where 
inverse peak voltage exceeds 20,000 volts. 


Parallel circuits only. Same as 1A5 to 1W4. 


Change socket to loctal and rewire as follows: 


Мо. 2 оп octal to No. 1 & 8 on loctal 
@ © 3 to 2 
чы 4 to 3 бо A 
Oed 5 to 6 oOo 
ORIG. 7 to 7 О) 
508 


Change socket to miniature and rewire as follows: 


No. 2 оп octal to No. 1 & 7 on miniature 
3 to 2 "AO 
ORLO 
4 to 3 © @ 
5 to 6 о 
7 to 5 SUB. 
Change socket to octal and rewire as follows: 
No. 1 оп five prong to No. 2 on octal 
9 2 to 3 OXON 
o 0 4 to 4 Mi. jo 
(9 © 3 to 5 9 
оке 5 to 7 р 


Parallel circuits only. No changes. 


No changes. 

No changes. | 
Reverse 1F4 to 1J5 procedure, parallel circuits only. 
Reverse 1Е4 to 1J5 procedure. 

Reverse 1F4 to 1J5 procedure. 

No changes. 

Reverse 1Ғ4 to 1J5 procedure. Parallel circuits only. 


Reverse 1F4 to 1J5 procedure. 


Parallel circuits only. Change socket to six prong and rewire 
as follows: 


No. 2 оп octal to No. 1 on six prong 
3 to 2 
4 to 3 Р 
5 to 4 Ог 50) 
6 to 5 О О 
7 to 6 508. 


No changes. 


Rewire as follows: 
Remove, connect, and tape up any wires anchored on No. 4 and No. 6 
Connect No. 3 and No. 4 together. 
No. 5 to No. 6 
Grid lead to No. 5 
Change connections as follows: 
Remove, connect, and tape up any wires anchored on terminals No. 4 
and No. 8. 
No. 4 to No. 3 
Grid Lead to No. 8. 


Change socket to miniature and rewire as follows: 


ав No. 2 оп octal іо No. 1 оп miniature 
© 7 5 | to 4 Ф © 
(9 Grid lead to. 6 © о 
ORIG. 7 to 7 508. 
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1B3-1H5 


1J5-1LE3 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
1J5 1F4 G Reverse 1F4 to 1J5 procedure. 
1F5 G No changes. 
33 o. Reverse 1F4 to 1J5 procedure. Parallel circuits only. 
950 E Reverse 1F4 to 1J5 procedure. 
1J6 1G6 G Parallel circuits only. No changes. 
1L4 155 G Same as 1T4 to 155 
1U5 G Cut off pin No. 4 оп 105. 
Rewire as follows: 
í Connect No, 1 & 5 together. 
1L6 1R5 G Reverse connections between No. 5 and No. 6. 
1U6 G Connect а 56 ohm 5 watt resistor from terminal No. 1 to No. 7 when 
used in series circuits. Resistor not required in parallel circuits. 
No other changes. 
1LA4 3D6/1299 G Parallel circuits only. Same as 1LB4 to 3D6. 
3LE4 P For electric operation only. Rewire as follows: 
3LF4 P Remove, connect, and tape up any wires connected 
to pin No. 7 of 1LA4. 
3LE4 G Parallel circuits only. Change connections as follows: 
3LF4 G Remove No. 8 lead and connect to- No. 7 
Connect No. 1 and No. 8 together. 
3V4 P Electric operation only. Change socket to miniature and rewire as 
follows: : 
No. 1 on loctal to No. 1 on miniature 
2 to 2 ба 
3 to 3 E 
6 to 6 0 G 
8 to 7 506. 
3V4 G Parallel circuits only. Change socket to miniature and rewire as 
follows: 
No. 1 оп loctal to Nos.1 & 7 on miniature 
2 to 2 О 
S o to 3 " € 
6 to 6 7 6 
8 to 5 == 
1584 3LE4 G Parallel circuits only. Change connections as follows: 
3LF4 G- Remove No. 8 lead and connect to No. 7 
3D6/1299 P Connect No. 1 and No. 8 together. 
3V4 P Same as 1LA4 to 3V4 for electric operation only. 
3V4 G Same as 1LA4 to 3V4 for parallel circuits only. 
1LE3 114 G Change socket to miniature and rewire as follows: 
1T4 G $5 Мо. 1 оп loctal to No. 1 on miniature 
G 2 to 2&3 
1U4 ARG ~ e с 6 © > 
NS е? 8 | to 7 !) © 
ORIG. 508. 
1LC5 G Rewire as follows: | 
1LG5 G Remove,connect, and tape up any wires anchored on No. 3. Do the 
1LN5 G same for No. 4. 


Connect No. 2 and No. 3 together. 
Connect No. 4 and No. 5 together. 
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SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 1LES-iLH4 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 


1LE3 1LH4 G Cut off pin No. 4 on 1LH4. This substitution operates well as 
an oscillator, 


1LG5 1AF4 G Parallel circuits only. Same аз 1LG5 to 5910. 
1LN5 E No changes. 
1N5 E Change socket to octal and rewire as follows: 
1P5 G No. 1 on loctal to No. 2 on octal T 
$9 2 m 3 СЕС; 
OFA© 3 to 4 ee 
ONZ O 8 to 7 
с (9 6) > OXO) 
> 6 to cap SE 
1S4 G Parallel circuits only. Change socket to miniature and rewire 
as follows: 
No. 1 on loctal to No. 1 on miniature 
2 to 2 5 
© © 3 to 4 Одо 
OFO © © 
Q9 6 to 3 506. 
ORIG. 8 to 7 
1SA6 G Change socket to octal and rewire as follows: 
No. 1 оп loctal to No. 2 on octal 
$9 : Bm - $9 
Э © 21 to 6 (9) (6) 
NS 6 to 4 © 
ORIG. 8 to 7 SUB. 
5910 G Change socket to miniature and rewire as follows: 
No. 1 on loctal to No. 1 on miniature 
2 to 2 
3 to 3 © 
Су? 4 б 5 с 
дб? 6 іо 6 (9 9 
ORIG. 8 to 7 р 
1LH4 1LD5 G Rewire as follows: 
Remove and tape up any wires anchored on No. 3. 
Connect No. 2 and No. 3 together. 
1N6 G Change socket to octal and rewire as follows: 
No. 1 оп loctal to No. 2 on octal 
(ОДО) 2 to 3 & 4 
Фе 4 to 6 5299 
3 i з... 
ORIG. о SUB. 
1586 а Change socket to octal and rewire as follows: 
CS No. 1 оп loctal to No. 2 on octal 
2 to 3 & 4 (9 (9 
eo 4 to 9 Oe 
2760 6 to 8 9-29 
ORIG. 8 to 7 SUB. 
1U5 G Change socket to miniature and rewire as follows: 
3 No. 1 оп loctal to No. 1 on miniature 
© 2 to 2&3 
Sed o. 4 to 4 (692 
OZO ~ 
(СҰС) 6 to 6 0 б 
ORIG. 8 to 7 те 
ЗАВ Р Parallel circuits only. Change socket to octal and rewire as follows: 
No. 1 оп loctal to No. 1 on octal 6 
@ 6) 4 to 8 
OFNO\ 6 to 5 
ONT AO, 8 to 2&' 
© ® Connect No. 3 and No. 4 to No. 1 oa. 


Cap connection not used. 
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ILH4-1S4 
TUBE 
1LH4 


1LN5 


1N5 


1P5 


1Q5 


154 


SUB. 
ЗАВ 


114 
1T4 
1U4 
1LG5 


1U5 


114 
1LC5 


1LG5 
1LN5 


155 


104 


105 


1LA4 
1LB4 


154 


1T5 
1W4 


3 LE4 
3LF4 


3V4 
1 W4 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 


Кк 


о о WAM 


Waa a 


о 46 а 


сб © wu ев ай 


CIRCUIT CHANGES NECESSARY 


Electric operation only. Change socket to octal and rewire as follows: 


No. 1 оп loctal to No. 2 on octal 
2 to 6 
6% 4 b 8 62-99 
Ө) © 6 to 5 Bo) 
Ф а to 7 © 
ON Connect No. 2 and No. 3 to No.1. эе. 
Same as 1LG5 to 5910, 
No changes. 
Change socket to miniature and rewire as follows: 
No. 2 оп octal to No. 1 on miniature 
3 to 2 5 
4 to 3 2 уа 
Grid lead to 6 ® 0 
7 to 1 SUB. 
Same as 1P5 to 104, 
Change socket to loctal and rewire as follows: 
Мо. 2 оп octal to No. 1 on loctal 
3 to 2 
4 to 3 62 Ж 
T to 8 2095 
сар to 6 © 
Short loctal terminals 4 and 5 Sus. 
Change socket to miniature and rewire as follows: 
5, Мо. 2 оп octal to Мо. 1 оп miniature 
% 3 to 5 © 
62-96 4 to 4 ше 
ФХ 20 7 to 7 © @ 
ОДО сар to 6 SUB 
ORIG. 
Change socket to miniature or make adaptor as follows: 
6 No. 2 оп octal to No. 7 on miniature. 
ОДОМ 3 to 2 69d 
оС үе i to 3 © © 
25 e 7 to 1 o 9 
ORIG cap to 6 R: 


This substitution squeals in some cases, works best as r-f tube. 
Same as 1N5 to 105, 


Parallel circuits only. Same as 1A5 to 3LE4. 


Change socket to miniature and rewire as follows: 


No. 2 оп octal to Мо. 1 оп miniature 
(9 © 3 to 2 © 
GNO 4 to 4 И 
7 to 7 SUB. 


Parallel circuits only. No changes. 
Parallel circuits only. Same as 1A5 to 1W4. 


Same as 1C5 іо 3LE4. 
Same as 1C5 to 3LE4. 


Same as 1C5 to 3V4. 


Parallel circuits only. Change connections as follows: 


No. 6 to No. 2 
3 to 6 
4 to 3 
5 to 1 


18 


155 


1SA6 


1T4 


1Т5 


104 


1V 


1X2 


1АЕ5 


11865 


114 
1T4 
1U4 


155 


105 | 


3LE4 
3LF4 


1W4 
3V4 
155 

105 


14Y4 


37 
76 


1S4 


1Y2 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 154-1х2 


PERF. 
G 


QOO 


Ко uw та 


Q 


ао 


CIRCUIT CHANGES NECESSARY 


No. 


=з сл > б о 


.Parallel circuits only. Change connections as follows: 


to No. 2 
to 6 
to 3 
to 1 
t 5 


$ _ VO 
Connect No. 1 and No. 7 together. 
Parallel Circuits only. Rewire as follows. Remove and tape up any 
wires connected to No. 5. 


to No. 5 


Where space permits. Change socket to octal or make adaptor wiring 


NO. 2 
as follows: 
NO. 14 
OVA 4 
© © 3 
(9 Q 7 
ORIG. 6 


Change socket to loctal and rewire as follows: 
Мо. 2 on octal 


=ї A о O» со 


on miniature to No. 2 on octal : 

& 5 to 3 @ 5% 
іо 5 © A 
to 7 (2 © 
to cap 0% 
to Мо. 1 оп loctal 
to 2 | 
to 6 © 
to 8 і | 


Change socket to miniature and rewire as follows: 
No. 2 оп octal 


| 3 

52 © : 
@ © eo : 
ORIG 8 


Change connections as follows: 


No. 5 
2 
3 


4 


to No. on miniature 


1 
to 1 
(4) 
to 6 Э“ 
@ 
to 5. 
7 i 
2 


SUB. 


to No 1 
to 5 
to 4 


Cut off pin No. 4 on 1U5. Connect terminals No. 1 & No. 5 together. 


Parallel circuits only. Same as 1C5 to 3LF4. 


Same as 1A5 to 1W4. 


Electric operation only. Same as 1A5 to 3V4. 


Same as 1T4 to 1S5. 


Cut off pin No. 4 on 1U5. Rewire as follows: 
Connect No. 1 and No. 5 together. 


Series circuits only. Same as 12Z3 to 14Y4. 


Change socket to five prong and rewire as follows: 


Мо. 1 on four prong to No. 1 on five prong 
О; 30 2 to 2&3 ® 
SES 3 to 4 
бо 4 to 5 © © 
ORIG. Ф © 
Parallel circuits only. Rewire as follows: SUB. 
No. 3 to No. 4 
6 to 3 


Do not use pin No. 6 as anchor. 


Change socket to four prong and rewire as follows: 

($$ Nos. 1, 4, 6,& 9 on novali to No. 1 on four prong. 
б @ Nos. 2, 5, & 8 оп noval to No. 4 on four prong. 
©, «У Сар оп Noval to cap on four prong. | 


OOA 


ORIG. 
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1X2-3B5 


TUBE SUB. 
1X2 128. 
1X2A 1B3 
1Y2 1B3 
1B3 
1X2 
1Z2 
1Z2 1x? 
1Y2 
2A3 2A5 
47 
3B5 3Q4 
3V4 


Viii RR. олло сое аа ад dd а. ain aban AA TL ED 6% A osa ts чам. ~ шы Хаба 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. CIRCUIT CHANGES NECESSARY 
E Change socket to miniature and rewire as follows: 
+ Nos. 1,4,6 & 9 оп noval to Nos. 1, 3, 4, & 6 on miniature. 
(ө9ех Nos. 2,5, & 8 оп noval to Nos. 2,5, & 7 on miniature. 
© Cap on noval to cap on miniature. $93 
о Ф 
Ў S o © 
: ORIG. (0 © 
; 508. E 
E Where space permits. Change socket to octal and rewire as follows: | 
Nos. 1,3,4,6 on miniature to No. 2 on octal E 
5 Oc 2.9.7. to 7 559 ` 
5 ёй сар to сар (2% 
; ORG. — | | | 25 Ay 
SUB. 
E Change socket to octal and rewire as follows: 
гае No. 1 оп four prong to No. 2 on octal 
D о 4. to 7 
2 3 
cap to cap 
gd o 
ORIG. SUB. 
G Parallel circuits only. Reverse 1B3 to 1Y2 procedure. Filament voltage 


will be 0.25 volts high on 1B3 and will serve to shorten its life. A small 
piece of resistance wire placed in series with the filament will correct this. 


E Change socket to four prong and rewire as follows: 
16 No. 1 on four prong to No. 2 on noval 
о. о 4 | to 4 ns 
E cap to cap 7% 
1 4 
99 а 42 
ORIG. 508. s 
G Change socket to miniature and rewire as follows: 
à No. 1 on four prong to No. 1 on miniature 
5 б. {о 1 СТОР 
О; 30 сар {о сар © © 
іс Connect No. 1, 3, 4, and 6 together. Ф Ф 
о © Connect No. 2, 5, апа 7 together. 508. 
pne. Do not use where inverse peak voltage exceeds 20,000 volts. 
E Change socket to noval and rewire as follows: 
У Nos. 1,3,4, & 6 on miniature to Nos. 1,4,6, & 9 on noval. 
ORLON Nos. 2,5, & 7 on miniature to Nos.2, 5, & 8 on noval. 
S Cap on miniature to cap on noval. " 
| ~ 
= (9% 
е 
ф i 
G Reverse 1Y2 to 1Z2 procedure. зов | 
G Parallel circuits only. Change socket to six prong and rewire as follows: 
No. 1 on four prong to No. 1 on six prong 
о, 39 2 to 2&3 6:5 
‚| 3 ; to 4 3 4 
p Q 4 to Ее |" S 
ORIG, 5 О Q 
508. 
G Parallel circuits only. Change socket to five prong and rewire as follows: 
No. 1 on four prong to No. 1 on five prong 
о. 0 2 O 264 © 
3 to 3 
O% 4 to 5 © 9 
ORIG Ф © 
SUB. 
G Same as 105 to 154. 
G Change socket to miniature and rewire as follows: 
Мо. 2 оп octal to No. 1 on miniature | 
3 to 2 
& to 3 © 
© 
5 to 6 © @ 
7 to 7 "T f 
8 to 5 
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3LF4 


6A6 


6А? 


6A8 


SUB. 


3Q4 
354 


3C5 


бАМ? 


6BA7 


ТАВ 


6AN7 


SUPPLEMENT— RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 


E 
G 


QOO 


QQ бшш ош fF 


CIRCUIT CHANGES NECESSARY 


Change socket to miniature and rewire as follows: 


Change socket to octal and rewire as follows: 


No changes. 


Same as 3LE4 to 394. 


Same as 3LE4 to 3Q5. 


Parallel circuits only. Change socket to octal and rewire as follows: 
on seven prong 


Parallel circuits only. Change Socket to noval and rewire as follows: 
1 on seven prong 


Q 

O, + о 
Ог, 7°O 
ОО 


ORIG. 


Parallel circuits only. Change socket to loctal and rewire as follows: 
on seven prong 


Parallel circuits only. Change socket to noval and rewire as follows: 


Мо. 


Мо. 


No. 


No 


No. 


21 


1 on loctal 


9-1 ш ~ 


on loctal 


100M CO м н 


1 
2 
3 
5 
6 
7 
4 


grid cap. 
5 


6 
7 


Change socket іо noval and rewire as follows: 
1 on seven prong 


1 
2 
3 
4 
5 
б 
7 


2 on octal 


to No. 


to No. 


1 
2 
4 
3 
5 
7 


оо З CO! шом 


3LE4-6A8 


on miniature 


$93 
Ф © 
0 © 


SUB. 


on octal 


to No. 2 on octal 


to 


Со -3 2 OQ! Њ (о 


to No. 4 on noval 


to No. 


to No. 


to No. 


сл C5 tO tó со = =] 


4 
9 
1 
6 
7 
2 
3 
9 


1 


CO y V» со сл м 


4 


со сл со N Or a 


on loctal 


on noval 


—————— 


а 


6A8-6AK5 .. SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


TUBE SUB. PERF. 
6A8 C C БАД С 


6AD7 6U8 
6X8 


-5 5) 


бАЕ5 6F5 G 


6K5 


Q 


6L5 


ТА4 
XXL 


37 
76 


оо об о 


6AF5 7A4 
xxt 


37 
76 


6AG5 6AH6 
6AS6 
6BH6 
6BJ6 


6BA6 
6BD6 
6CB6 


6AK5 — 6AS6 
6BA6 
6BD6 
6BJ6 
6BH6 
6CB6 


6BC5 
5590 
5591 
9001 
9003 


пип OQOO'QO'u осо тотто оо AN 


EIL som RR c 2. ар ачыаан та а С СЗ ee ы” 


CIRCUIT CHANGES NECESSARY 


Change socket to noval and rewire as follows: 


No. 2 on octal to No. 4 on noval 
3 to 9 
4 to 1 
5 to. 2 [од 7%); 
сар to 7 ©. ЯС 
6 to 6 Sus 
7 to 5 
8 to 3 

Parallel circuits only. Change socket to noval and rewire as follows: 

Мо. 1 оп octal to No. 9 on noval 
2 to 4 
3 to 6 5 
4 to 3 б” 9 
5 to 2 © Ф/ 
6 to 1 SUB 
T to 9: 
8 to 7&8 


These miniature tubes must be well shielded. 


Make adaptor as follows: 


No. 1 оп base to No. 1 оп top 
2 to 2 
3 to 2 
5 to cap 
7 to 7 
8 to 8 


Change connections as follows: 
No. 5 to cap. 


No changes. Parallel circuits only. 


Same as 6W6 to 7A5. Series or parallel circuits. 


Change socket to five prong and rewire as follows: 


66 No. 2 оп octal to No. 1 on five prong 
3 t 
9 E^ 5 5 ~ 9 
NS ў, ў 7 to 5 Ф О) 
ORIG, 8 to 4 9 © 


508. 


Same as 6AE5 to 7A4. 
Same as 6AE5 to 37. 


Parallel circuits only. No changes. 


No changes, 


Parallel circuits only. Change connections as follows: 
Connect No. 2 and No. 7 together. 


Parallel circuits only. No changes. 
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6AL6 


6AQ5 


/6AQ6 


6AR6 


6AUS 


12AT7 
.12А07 
12АХТ 


12AV7 
12AY7 


5726 


6BG6 


6CD6 


807 


6F6 
6G6 
6 K6 
6U6 


12AT6 


6BG6 


6CD6 


807 


6BQ6 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 


G 


Qa 


Bo во 


63 63 © О 


CIRCUIT CHANGES NECESSARY 


6AL5-6AU5 


Parallel circuits only. Where space permits, change socket to loctal 


and rewire as follows: 


No. 1 оп miniature to 

AO Э : to 

Ө) © to 
Ф G 5 іо 

ORIG. 3 to 

7 to 


Change socket to noval and rewire as follows: 


No. 1 on miniature to 

(9) 52 to 
(979 

© © 3 to 

Ф б 4 to 

ORIG. 5 to 

7 to 


Parallel circuits only. Same as 6AL5 to 12АТТ. 


No changes. 


Change connections as follows: 
No. 8 to 
4 to 


No. 7 оп loctal 


С н © CO 


No. 8 on noval 


1 
4&5 


9 
3 
6 


No. 3 


e 
Ө @ 
© 


SUB. 


Parallel circuits only. Same as 6AL6 to 6BG6. Use only where additional 


current is available in the filament supply. 


Change socket to five prong and rewire as follows: 


Мо. 2 оп octal to 
4 іо 
5 to 
7 to 
8 to 
cap to 


No. 1 
2 
3 
5 
4 


cap 


on five prong 


Om 
© © 
© 9 


SUB. 


Parallel circuits only. Where space permits, change socket to octal and 


rewire as follows: 


No. 1 оп miniature to No. 5 on octal 
2 to 8 5 
O 3 to 2 © 
(979 
o © 4 to 7 : й 
9 5 to 3 OXO 
ORIG. 6 to 4 сық; 
1 to 5 


Series circuits only. No changes. 


Parallel circuits only. Change connections as follows: 


No. to 


дл Ок CO 
“+ 
о 


сар 
No. 3 


~ 


Parallel circuits only. Same as 6AR6 to 6BG6. Use only where additional 
current is available from the filament power supply. 


Parallel circuits only. Change socket to five prong and rewire as follows: 


Мо. 1 оп ос{а1 


· Change connections as follows: 


Мо. 8 to 
3 to 
5 to 
1 to 
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to No. 4 on five prong. 


© 


69 
© 
© 


SUB. 


6AU6-6C5 


TUBE SUB. 
6AU6 6CB6 


6AX4 6U4 


С бВАб 6AG5 


6BC5 6AN5 


6BG6 KT66 


6BH6 12AW6 
6BL7 6SL7 


6BN7 6BQ7 


6BQ7 6BN7 


6C5 6115 


за аван бана сы адра a ан, i ln dt 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 


Р 


о очтот о о о оч зоо 0јни о паб He yyw 


о одсто ту 


mo а ey Ss 


CIRCUIT CHANGES NECESSARY 


Rewire as follows: 
Reverse connections between No. 2 and No. 7. 


Parallel circuits only. No changes. 


No changes. 


No changes. 


Parallel circuits only. No changes. 


Parallel circuits only. No changes. 


No changes. 


Parallel circuits only. Reverse 6L6 to 6BG6 procedure. 
Reverse 807 to 6BG6 procedure. 
series circuits only. No changes. 


Parallel circuits only. No changes. 


Parallel circuits only. Change connections as follows: 
Reverse connections between Nos. 6 and 8. 


Parallel circuits only. Change connections as follows: 
Reverse connections between Nos. 6 and 8. 
Connect No. 5 to No. 9. 
Connect Nos. 4 and 5 together. 


Parallel circuits only. Change connections as follows: 
Remove, connect, and tape up any wires on No. 9 

No. 6 to No. 9 

8 to 6 


Parallel circuits only. Rewire as follows: 
Move wires connected to No. 5 to No. 9, 
Connect Nos. 4 and 5 together. 


Parallel circuits only. No changes. : | 
Change connections as follows: 
No. 5 to No. 4 
8 to 5 
3 to 8 & 6 


Connect Nos. 3 and 5 together. 
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TUBE 
6CB6 


. 6CD6 


6CG6 


6E6 


б F6 


6F7 
6F8 


6J5 


SUB. 


6AG5 
6BC5 


бАЈ5 
бАК5 
бАМ5 
5590 
5591 
5654 
9001 
9003 


6AK6 
6AU6 
6BA6 
6BD6 
KT66 
807 
6AG5 
6AU6 
6BA6 
6BC5 
6BD6 
6AH6 
6AJ5 
6AK5 
5590 
5591 
5654 
9001 
9003 


6N7 
627 


6Y7 
6AQ5 


5881 
6F7S 
TAFT 
7N'T 


6SJ7 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 6СВ6-6/5 


PERF. 


о ючсосоотлото AMO 


о O оо чтоотото ооо т о обо 


67 пт H Шш 


CIRCUIT CHANGES NECESSARY 


No changes. 


Parallel circuits only. No changes. 


Parallel circuits only. Change connections as follows: 
Reverse connections between terminals 2 and 7. 


Change connections as follows: 
Reverse connections between terminals 2 and 7. 


Parallel circuits only. Reverse 6L6 to 6BG6 procedure. 
Parallel circuits only. Reverse 807 to 6BG6 procedure. 


No changes. 


Parallel circuits only. No changes. 


Parallel circuits only. Same as 3LE4 to 3Q5. 


Same as 3LE4 to 3Q5. 


Parallel circuits only. Change socket to miniature and rewire as follows: 
No. 5 оп octal to Мо. 1 on miniature 


8 to 2 
2 to 3 (4) 
7 to 4 : 
3 to 5 Ф б 
4 to 6 SUB. 
5 to 7 

Parallel circuits only. No changes. 

No changes. 

Parallel circuits only. Same as 6Е8 to 7N7. 

Change socket to loctal and rewire as follows: 

Мо. 2 on octal to Мо. 1 оп loctal 

3 to 2 
4 to 2 
5 to 5 
6 to 6 
7 to 8 
8 to 7 
cap to 4 


· Same as 6C5 to 6577. 
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са 
2 


.6J6-6L6 


TUBE 
6J6 


6J8 
6K6 


6K8 


6L5 
6L6 


SUB. 
6SL7 


ТЕ8 


12AT7 
12AU7 
12AY7 


12АУ7 


6AN7 
6AQ5 


5881 
6A7 


6AN7 
6BA7 
6SJ7 

6BG6 


6CD6 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 
к 


52 ие 


pn ба uo uo 


CIRCUIT CHANGES NECESSARY 


Change socket to octal and rewire as follows: 
on miniature 


699 
© © 
© Ф 


ORIG. 


- 


Parallel circuits only. Where space permits. 
rewire as follows: 
No. 


No. 


1 
2 
3 
4 
9 
6 
7 


1 
2 
3 
4 
5 
6 
7 


оп miniature 


Change socket to loctal and 


to No. 
to 
to 


Parallel circuits only. Same as 6J6 to 12AV7. 


Change socket to noval and rewire as follows: 
on miniature 


HOA 
© © 
© б 


ORIG. 


No. 


1 
2 
3 
4 
‚9 
6 
T 


to No. 


Parallel circuits only. Same as 6A8 to 6AN7. 


Parallel circuits only. Change socket to miniature and rewire as follows: 
1 on miniature 


ОДО 
“Ф 
25 о? 


ORIG. 


Parallel circuits only. No changes. 


Change socket to seven prong and rewire as follows: 


Parallel circuits only. Same as 6A8 to 6AN7. 
Same as 6A8 to 6BAT. 


Parallel circuits only. Same as 6C5 to 6SJ7. 


No. 


5 on octal 


сл 4 со М со 


2 on octal 


О оз о 0! i» CO 


ap 


Change connections as follows: 


No. 


3 
8 
4 


to No. 


to No. 


3 on loctal 


1 on noval 


2 

3 

4 $99 
5 © © 
6 еэ 
7 508. 
1 on seven prong 
2 

3 

5 

4 

7 

6 

сар 

сар 

8 


Parallel circuits only. Same as 6L6 to 6BG6. When making this 


substitution be sure the filament power supply is capable of supplying an 


additional 1.6-ampere load. 
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SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE - | 6L6-6S8 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
6L6 41 G Parallel circuits only. Change socket to six prong and rewire as follows: 
42 G | Мо. 2 оп octal to Мо. 1 on six prong 
3 to 2 5 5 
4 to 3 3 4 
5 to 4 M а 
| 1 to 6 Du 
8 to 5 à SUB. 
KT66 | Е Parallel circuits only. No changes. 
807 Е Change socket to five prong and rewire as follows: 
No. 2 оп octal to No. 1 on five prong 
3 to cap 
4 to 2 
5 to 3 
7 to 5 
8 to 4 


5881 E Parallel circuits only. No changes. 
6P5 6577 G Same as 6C5 to 6SJ7. 
6P7 6U8 G Parallel circuits only. Change socket to noval and rewire as follows: 
6X8 G No. 2 оп octal to No. 4 оп noval 
3 to 5 
~ 4 to SA 
87 A 5 to 3 e г % 
Ө ДӨ, ер to 2 са оу 
(6 6 to 1 2% 
ORIG 7 to 9 
8 to 7&8 
6Q7 6AT6 E Change socket to miniature and rewire as follows: 
6AV6 G No. 2 оп octal to No. 3 on miniature 
6BK6 G > 3 to T 
6BT6 E © ON 4 to 5 > 
6BU6 P © 5 to 6 = 
© © ФУ 7 to > 0 Q 
8 to 2 meng 
““ сар to 1 
6R7 6AT6 P Same as 6Q7 to 6AT6. 
6AV6 P 
6BK6 Р 
6BT6 P 
6BU6 E 
6R8 6V8 P Same as 6 T8 to 6V8. 
654 12AT7 G Parallel circuits only. Same as 654 to 12BH7. 
12AU7 G 
12AV7 G 
12AX7 G 
12AY7 G 
12BH7 G Rewire as follows: 
Remove wires from No. 5. 
Connect No. 4 and No. 5 together. | 
Мо. 6 to No. 7 
9 to 6 
Connect wires removed from No. 5 to No. 9. 
Reverse Мо. 2 and No. 3 connections. 
Connect No. 3 and No. 8 together. 
Connect No. 1 and No. 9 together. 
6S8 6R8 P Parallel circuits only. Change socket to noval and rewire as follows: 
6T8 G Мо. 1 оп octal to No. 1 on noval 
2 to T 
3 to 2 Аба 
О, 4 e ; 79 
ах 70 5 to 3 Ь у 
9% 6 to 9 T 
ORIG. 7 to 4 
8 to 5 
сар to 8 
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6SA7-6SG7 


TUBE 
65А7 


65877 


6SC7 


6SG7 


SUB. 
6BA7 


6BE6 


7A8 


6ВАТ 
65А7 
7A8 


7B8 
777 
757 


707 


12АТ7 
12AU7 
12AY7 
12AZ7 
12AX7 


12AV7 
12BH7 


6BA6 
6AU6 
6BD6 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 


E 


m чт wu о R 


оазе т 


өзг vy 


CIRCUIT CHANGES NECESSARY 


Change socket to noval and rewire as follows: 
on octal to No. 6 on noval 


= 


1 
2 
3 
4 
5 to 
6 
7 
8 


м сл C9 М н ООН» 
PA 
voc 


Change socket to miniature and rewire as follows: 


No. 1 on octal to Мо. on miniature 


Ф 


699 
o © 
9 © 


508. 


2 
3 
5 
to 6 
1 
2 
4 
7 


COND ол > CO ~ 
е" 
© 


Parallel circuits only. Change socket to loctal and rewire as follows: 


Мо. 1 on octal to shield connection on loctal socket 
2 to No. 1 
3 to 2 
9299 4 fo 5 699% 
( ) 5 to * ON ZG 
E о? 6 to 7 (OXO) 
ORIG. 7 to 8 SUB. 
8 to 6 


The 7A8 heats faster than the other tubes and a 200 ohm 1/2 watt resistor 
must be connected across the filament terminals 2 and 7 or its life will be 
very short. 

Same as 6SA7 to 6ВАТ7. 

No changes. 


Parallel circuits only. Same as 6547 to 7A8. 


Same as 6SA7 to 7A8. Series or parallel circuits. 


Change socket to loctal and rewire as follows: 


Мо. 2 оп octal to No. 1 on loctal 
3 to 2 
а to 3 ORO) 
19: 5 to 4 Ое 
© @ 6 to 7&5 оу О 
(9 ® 7 to 8 Ф 6) 
ORIG. 8 to 8 SUB. 
Change socket to noval and rewire as follows: 
No. 2 оп octal to No. 1 on noval 
| to 2 
4 to 7 
>. A 5 to 6 (996) 
“Ф 6 to 8 & 3 © %, 
ОДО, 1 to 4&5 WY 
ORIG. 8 to 9 508. 
Parallel circuits only. Same as 6SC7 to 12АТ7. 
Change socket to miniature and rewire as follows: 
Мо. 2 оп octal to Ко. 3 оп miniature 
3 to 7 
4 to 1 9 
6 to 6 2 
7 to 4 
8 to 9 | 


508. 
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TUBE 
6SH7 


6SJ7 


6SK7 


6SL7 


6SN7 


6SQ7 


SUB. 


6AU6 
6BA6 
6BD6 


6AG5 
6BC5 


6AJ5 
6AK5 
5591 
9001 
9003 


6AG5 
6BC5 


6AJ5 
6AK5 
6AN5 
5591. 
9001 
9003 


6BH6 


6876. 


6CB6 


TF8 


12AT7 
12AU7 
12AX7 
12AY7 


12AV7 
12BH7 


12AT7 
12AU7 
12AV7 
12AX7 
12AY7 


12BH7 
12527 


6527 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 


чо очо 


а са соччоч AN AWN 


с (2 90 


E со ттчот чч 


6SH7-6SQ7 


CIRCUIT CHANGES NECESSARY 
Same as 6SG7 to 6BA6. 


Change socket to miniature and rewire as follows: 
No. 2 оп octal to No. 3 on miniature 


3 to 7 

4 to it <6 > 
5 to 2 

6 to 6 % = 
7 to 4 SUB. 

8 to 5 


Parallel circuits only. Same as 6577 to 6AG5. 


Same as 6SJ7 to 6AG5. 


Same as 6SJ7 to 6AJ5. 


Parallel circuits only. Samé as 6SK7 to 6CB6. 


Change socket to miniature and rewire as follows: 

Мо. 2 оп octal to Мо. 3 on miniature 
to 
to 
to 
to 
to 
to 


$99 
@ © 
© @ 


. SUB. 


© 

© 
Со „з Сл ЊВ CO 
олы, o0 t н 9 


Change socket to loctal and rewire as follows: 


No. 1 on octal to No. 1 оп loctal 


со -1 су сл i» CO ~ 
~ ~ 
oo 
52-1 о оо ока 
QO 
© 


Change socket to noval and rewire as follows: 
No. on octal to No. 


1 2 
2 1 
3 3 
= 1 
5 to 6 
6 8 
7 4 
8 9 
Parallel circuits only. Same аз 6SL7 to 12АТ7. 


Parallel circuits only. Same as 6SL7 to 7F8. 


Same as 651.7 to 12АТТ. 


Parallel circuits only. No changes. 


29 


6SR7-6V8 SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


Connect wires removed from No. 1 to No. 2. 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
6SR7 7B6 Р Change socket to loctal and rewire as follows: 
TE6 с. Мо. 2 оп octal to Мо. 3 оп loctal 
3 to 4or 7 
4 to 5 ОДО) 
А 5 to 6 фе 
G 6 to 2 Ө) © 
NO © 7 to 1 Ф 
ORIG. 8 to 8 е 
7C6 E Same as 6SR7 to 7B6. 
85 G Change socket to six prong and rewire as follows: 
Мо. 2 оп octal to cap on six prong 
to No. 5 
= to 3 
99 5 іо 4 
Or NO 
о 7 to 6 
ORIG. 8 to 1 
6Т8 658 с Parallel circuits only. Where space permits, change socket to octal and 
rewire as follows: 
Мо. 1 оп noval to No. 1 on octal 
2 to 3 
3 to 5 
| 4 to 7 % 
| б” ON 5 to 8 62 5% 
| 6 to 4 (OM. /®@ 
| © 07 7 to 2 © ® 
| ORIG. - 8 to cap SUB. 
| 9 to 6 
| 6V8 а 7 Change connections as follows: | 
| Remove wires from No. 1. 
| Мо. 9 tO No. 4 
| 6 to 9 
8 to 6 
| 3 to 8 
і 7 to 3 
2 to 7 


6U4 6AX5 


G No changes, 
6U5/6G5 6AB5 G Parallel circuits only. No changes. 
6N5 G 
6T5 G No changes. 
6U6 5881 G Parallel circuits only. No changes. 
6U8 | 6Х8 Е No changes. It may be necessary to shield the 6X8 in some cases іп order to 
obtain satisfactory results. 
6V6 6BF5 + Parallel circuits only. Change socket to octal and rewire as follows: 
No. 5 оп octal to No. 1 on miniature 
8 to 2 
2 to 3 AG 
7 to 4 га 
3 to 5 о Q 
4 to 6 SUB. 
5 to 7 
6BG6 G Parallel circuits only. Same as 6L6 to 6BG6. 
6W6 G Parallel circuits only. No changes, 
6V8 6R8 Р Reverse 6T8 to 6V8 procedure. 
6T8 G 
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SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 6V8-7A7 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 


6V8 658 G Parallel circuits only. Change socket to octal and rewire as follows: 


6W4 


6W6 


6X8 


| 7A4 


TAT 


6AX4 
6AX5 


6AX6 


6BY5 


6W5 
6X5 
6ZY5 
1274 


6AQ5 
6BF5 


6F6 
6G6 
6K6 
606. 
6V6 
6Y6 


TAS 


7C5 
7B5 


6U8 
ТАТ 
"BT 
1C 
ТЕ6 
6А06 
6ВА6 


6BC5 
6BD6 


"OO OQOQOOQ' Vw AQAN 


ыч б о 


чону A 


No. 


999 
б) 


No changes. 


Rewire as follows: 
No. 


1 on noval 


«oO со - с» C! нъ WW 


8 
3 


to No. 
to 


to No. 


to 


Connect No. 3 and No. 5 together. 


Parallel circuits only. 


No. 


Rewire as follows: 


3 


to No. 


to 


Connect No. 3 and No. 5 together. 
Connect No. 4 and No. 8 gogether. 


Parallel circuits only. Rewire as follows: 


No. 


3 


to No. 


to 


Connect No. 4 and No. 5 together. 
Connect No. 1 and No. 8 together 


Parallel circuits only. Same as 6W4 to 6AX5. 


SUB. 


6 on octal 

1 

2 се 
7 ОХО) 

8 Q/ N9 
22 “967 
4 

5 


Parallel circuits only. Same as 6K6 to 6AQ5 procedure. 


Same as 6K6 to 6AQ5 procedure. 


Parallel circuits only. No changes. 


Series or parallel circuits. 


Parallel circuits only. Change socket to loctal and rewire as follows: 


No changes. 


Same as ТА4 to "СТ. 


2 on octal 


Со J сл н> бо 


to No. 


1 on loctal 


2 

б 
х © S 
а © © 
7 SUB. 


Parallel circuits only. Change connections as follows: 
Connect No. 2 and No. 3 together. 
Connect No. 4 and No. 7 together. 


Same as 7B4 to 7B6. 


Change socket to miniature and rewire as follows: 


No. 


31 


1 on loctal 


со =з БК њ бо м 


to No. 


3 on miniature 
5 

6 HYG 

2 Ө © 

1 ЭФ @ 

7 508. 

4 


^ TAT-TC5 SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
TAT 6BH6 P Parallel circuits only. Same as 787 іс 6BH6. 
6BJ6 P : 
ТАВ 6AN7 G Parallel circuits only. Change socket to noval and rewire as follows: 
No. 1 оп loctal to No. 4 оп noval 
2 to 7 
(ORO) 3 to 8 
= x 4 to 9 
5 to 1 
бо 6 io 2 
7 to 3 
8 to 5 
TAFT TF8 G Rewire as follows: 
р Remove wires from No. 4 
No. 2 | to No. 4 
l to 2 


Connect wires removed from No. 4 to No.1. 
Remove wires from No. 5. 
ma. T to No. 5 

8 to 7 
Connect wires removed from No. 5 to No. 8. 


7B4 7B6 E Rewire as follows: 
Remove and tape up any wires anchored оп terminal No. 3. 
Do the same for No. 4 and No. 5. 
No. 6 to No. 3 
Connect Nos. 4, 5, and 6 together. 


7C6 й Parallel circuits only. Same as 7B4 to 7B6. 


БӘ 6AQ5 G Parallel circuits only. Change socket to miniature and rewire as follows: 
| Мо. 1 оп loctal to No. 3 on miniature 
Э АА 3 to 6 E ы; 5 
Ө) © 6 to 7 
© 7 to 2 Ae 
ORIG 8 to 4 — 
7B6 GAT6 G same as 7C6 to 6AQ6. 
6AV6 G 
6BF6 P 
6BK6 G 
6BT6 G 
6806 Р 
7В7 6A 06 с Parallel circuits only. Same as 7А7 to 6AU6. 
6BA6 E : 
6BC5 G 
6BD6 G 
6BH6 G Change socket to miniature and rewire as follows: 
6BJ6 G No. 1 оп loctal to No. 3 on miniature 
60 2 to 5 | 
© FAO 3 to 6 59g 
© © 4 to 7 е © 
(OO) 6 to 1 е. 
ORIG 7 to 2 
8 to = 
ТАН? G No changes. 
0590 P Same as 7A" to 6AU6. 
5591 г 
9001 P 
9003 G 
7B8 6AN7 G Parallel circuits only. Same as 7A8 to 6ANT. 
7С5 6AQ5 G Same as 7B5 to 6AQ5. 
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TUBE 
7C6 


TCT 


ТЕб 


TF8 


тав 
771 
TN' 


6AT6 
6AV6 
6BF6 
6BK6 
6BT6 


6BU6 


6AU6 
6BA6 
6BC5 
6BU6 


6BH6 
6BJ6 


7AB7/1204 


ТАСТ 
TAHT 


6AT6 
6A V6 
6BF6 
6BK6 
6BT6 
6806 


ТЕВУ 


12ATT 
12AU7 
12AX7 
12AY7 


12AV7 
12BH7 


1206 


6AN7 


A2ZAT7 
12А177 
12АУ7 
12АХ7 
12АҮ7 
12AZ7 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 
G 


ч со ОШ "uOQO'uo0Q 


оо QOO ш штототт AN 


оччсшш о 5 


CIRCUIT CHANGES NECESSARY. 


Change socket to miniature and rewire as follows: 
No. 1 on loctal to No. 3 on miniature 


2 to 7 
62 A 3 to 1 HVE 
© © 4&7 to 2 o © 
© 5 to 5 o] 

ORIG. 6 to 6 

8 to E 


Parallel circuits only. Same as 7C6 to 6AQ6. 


Parallel circuits only. Same as 7A7 to 6AU6. 


Same as 7B7 to 6BH6. 


Rewire as follows: 
Remove wires from terminal No. 1 
No. 3 to No. 1 
2 to 3 
Connect wires removed from No. 1 to No. 2 
Remove wires from No. 8 


No. T to No. 8 
Connect wires removed from No. 8 to No. 7 
No. 6 to No. 5 


Do not use terminals No. 4 or No. 6. 


No changes. 


Same as 7C6 to 6AQ6. 


No changes. 


Same as 7F8 to 12АУ7. 


Parallel circuits only. Change socket to noval and rewire as follows: 


Мо. З оп loctal to No. 1 on noval 

1 to 2 

4 to 3 

2 to 4 ЭФ, 
2 to 5 T X 
6 to 6 O Y 
8 to 7 -— 
5 to 8 

7 9 


No changes. 
Parallel circuits only. Same as 7А8 to GANT. 


Parallel circuits only. Same as 7N7 to 12BH7. 
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Ss a 
с, 
ЕТ 


7C6-7N7 


TNT7-12A6 SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
757 6SN7 E  , Change socket to octal and rewire as follows: 
No. 1 оп loctal to No. 8 on octal 
2 to 3 
CKO) 3 to 2 б) б 
QAO 4 to 1 Or “Ф 
ONZO 5 to 4 2129 
Ф 6 to 5 © 
ORIG. 7 to 6 SUB. 
8 to 7 
12BH7 E ^ Change socket to noval and rewire as follows: 
No. 1 on loctal to Nos. 4 & 5 on noval 
2 to 3 
3 to 1 
ONO 4 а 3 Өр? 
ONZO Se to 7 (2 
Ф 6 to 6 Я 
ORIG. М to 8 
8 to 9 
TOT. ЛАВ G Parallel circuits only. Same as 14Q7 to 7A8. 
7B8 G Same as 14Q7 to 7A8. Series or parallel circuits. 
777 G 
ТЕЛ 6N8 Р Change socket іо noval and rewire as follows: 
No. 1 оп loctal to No. 4 оп noval 
2 to 6 
OAN. 3 to 7 
( AGO 4 to 8 67% 
2920 5 to 1 D 
9%) 6 to 2 a 
| г 7 to 3 
| 8 to 5 
| 757 GANT G Parallel circuits only. Same as 7A8 to 6AN7. 
| тү4 024 Е Same as 7Y4 to 6AX5. Filament leads need not be connected. 
| 6AX5 E Parallel circuits only. Change loctal socket to octal and rewire as follows: 
| ; No. 1 оп loctal to No. 2 on octal 
| @ © 3 to 3 O) 
| eo 6 to 5 Or О, 
| 9) 8 іо 7 2129 
| (D (8) 
| ORIG. 7 to 8 9% 
6X4 Е Parallel circuits only. Change socket to miniature and rewire as follows: 
No. 1 оп loctal to No. 3 on miniature 
ОХО) З to 1 
OFA © 6 to 6 (699 
© 
(2 9 $9 7 to 7 O 0 
ORIG. 8 to 4 ue 
724 024 с Same ав 7 Ү4 to 6AX5. Filament leads need not be connected. If required 
output current exceeds 70 ma. this substitution is not recommended. 
бАХ5 а Parallel circuits only. Same as 774 to бАХ5. 6AX5 has lower output current 
rating. If required current exceeds 70 ma. this substitution is not 
recommended. 
12A6 12A5 P Parallel circuits only. Change octal socket to seven prong and rewire as follows: 
Мо. 2 on octal to No. 1 on seven prong 
3 to 2 
4 to 3 
5 | to 4 
8 to 5 
7 to 7 
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TUBE 
12A8 


12AH7 


12AT6 
12АТ7 


12А07 


12AV7 


12AW6 


SUB. 
ТАВ 


12AU7 
12AX7 


12АҮ7. 


12А27 


12BH7 
6AQ6 
12AZ7 
1468 


TF8 


12AZ7 
14F8 
6SN7 


12AZ7 
14F8 
6BH6 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 


P 


юа" 


67 t а % 


І2А8-І2АУ/6 


CIRCUIT CHANGES NECESSARY 


Series circuits only. Change socket to loctal and rewire as follows: 


No. 2 оп octal to No. 1 on loctal 
3 to 2 
~ 4 to 5 
5? © © 5 io 4 62 а 
ФМ 29 6 to 3 209 
© 7 to 8 00, 
ORIG. 8 to 7 508. 
сар to 6 
Change socket to noval and rewire as follows: 
Мо. 1 on octal to Мо. 2 on noval 
2 to 3 
3 to 1 © 
4 to 8 6? “9 
5 to 7 Q5 «Э 
6 to 6 508. 
7 to 5 
8 to 4 


Do not use socket terminal No. 9 as tie point. 
Parallel circuits only. Same as 12AH7 to 12AU7. 
Same as 12AW6 to 6BH6. 
Parallel circuits only. No Changes. 


For 12 volt operation only. Change socket to loctal and rewire as follows: 
Мо. 1 оп noval to No. 3 on loctal 


2 to 1 
(б) 3 to 4 o (5 
б” 9 4 to 2 QAO 
% ¢ 5 to 7 ONZO 
ORIG 6 to 6 са. 
7 to 8 : 
8 to 5 
Change socket іо loctal and rewire as follows: 
No. 1 оп noval to No. 3 on loctal 
2 to 1 
B 3 to 4 $9 
de 5 uw. 32. 09. 
y^ 6 to 6 NS Ду, 
is 7 to 8 SUB. 
8 to 5 
9 to 7 


Parallel circuits only. No changes. 
For 12 volt operation only. Same as 12AT7 іо 14F8. 


Parallel circuits only. Change socket to octal and rewire as follows: | 
No. 1 оп noval to No. 2 on octal 


2 fO. 1 

* 3 to 3 
OMO) 4 to 7 
5 to 7 
Ф Ф 6 to 5 
ORIG. 7 to 4 
8 to 6 

9 to 8 


No changes. 
For 12 volt operation in parallel circuits only. Same as 12АТ7 to 14F8. 


No wiring changes necessary in series circuits. Install а 300 ohm, i 
watt resistor from terminal No. 3 to terminal No. 4 on the socket. 


In parallel circuits disconnect and tape up filament supply lead connected 


to terminal No. 3. Install new wire from terminal No. 3 to center tap of- 
12.6 volt filament winding. 
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mJ 
х 
В, 
Эй 
P 
Е 
ў 
m 
zs 
| 
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TUBE 
12AX4 


12AX7 


12AY7 


12AZ7 


12SA7 


12SC7 


12SF5 


/ 42АХ4-125Ғ5 


SUB. 
6АХ4 
604 
6W4 
12AZ7 
14F8 


12AZ7 


.14F8 


12AT7 
12AU7 
12AX7 
12AY7 
12BH7 


12AV7 
12BD6 


12427. 
 14F8 


6BN6 


12AU6 
12BD6 
12BA6 


ТАВ 


12AT6 
12476 


12BF6 
12BK6 


12BT6 


12BU6 


12BA7 
12SY7 


12AT7 
12AU7 
12AX7 
12AY7 


12AZ7 


12АУ7 


12BH7 


12SQ7 


SUPPLEMENT— RECEIVING TUBE SUBSTITUTION GUIDE 


PERF, 


n ww а uU HM зто o тшт 0 9? GOR 


сш ОЧ № ы. 


Још t ы 


С) О 


Parallel circuits only. No changes. Insert 40 ohm 10 watt resistor in series 


CIRCUIT CHANGES NECESSARY 


Parallel circuits only. No changes. Insert a 5 ohm, 20 watt resistor in series 
with one side of the filament circuit. 


Paralle circuits only. No changes. 
For 12 volt operation only. Same as 12AT7 to 14F8. 
Parallel circuits only. No changes. 
For 12 volt operation only. Same as 12AT7 to 14F8. 


Parallel circuits only. No changes. Best results can sometimes be obtained 


Бу shielding the substitute tube. 


No changes. | 
Мо changes. 
Parallel circuits only. No changes. 


For 12 volt operation in parallel circuits only. Same as 12АТ7 to 14F8. 


with filament circuit. 


Change socket to miniature and rewire as follows: | 
Мо. 2 оп octal to No. 3 on miniature 


3 to 5 
4 to 6 690 
5 to 2 © © 
7 to E 9 9 
8 to 7 sus. 
Grid lead . to 1 


Series circuits only. Same as 12A8 to 7A8. 


Change socket to miniature and rewire as follows: 


No. 2 оп octal to No. 3 on miniature 
to 7 
4 to 5 
5 to 2 $99 
cap to 1 Es 
7 to E Sus 
8 to 2 
Same as 6SA" to 6BAT. 
No changes. 
Change socket to noval and rewire as follows: 
| Мо. 2 оп octal to Мо. 1 on noval 
$9 3 to 2 
eg кб s: е 
6 6 to 8&3 NO 
ORIG. 7 to 4 SUB. 
8 to 5 


Parallel circuits only. Same as 12SC7 to 12AT7. 


Change connections as follows: 
Reverse connections between Nos. 2 & 3 
Move No. 5 to No. 6 
Do not use Nos. 4 & 5 on socket. 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 12567-12507 


TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
128G"7 14A7/12B7 G Change socket to loctal and rewire as follows: : 
14C7 G No. 2 оп octal to No. 1 on loctal 
14H7 G 3&5 to 7 
‘a 29 4 to 6 ба ко 
oÇ) : о з (Os 
© o 7 to 8 Ф 
ORIG. 8 to 2 SUB. 
12SH7 14A7/12B7 G Same as 12SG7 to 14A7/12B7. 
14C7 G А 
14H7 G 
12SJ7 12AU6 G Change socket to miniature and rewire as follows: 
12BA6 P No. 2 оп octal to No. 3 on miniature 
12BD6 G 3 to 2 
4 to 1 OO 
5 to 7 
6 to 6 e 
7 to 4 
8 to 5 
12AW6 “ЖК Change socket to miniature and rewire as follows: 
No. 2 on octal to No. 3 on miniature 
3 to 7 
5 to 2 о © 
6 to 6 © Q9 
7 to 4 SUB. 
: 8 to 5 
125К7 . 12AW6 P Same as 12SJ7 to 12AW6. 
12SL7 12AT7 G Change socket to noval and rewire as follows: 
No. . bob octal. - to No. 2 on noval 
2 to 1 
(9 © 3 to 3 аб 
er 4 to 7 е © 
90 : € s 
ORIG. | e a 
7 to 4 
8 to 5 
Do not use No. 9 оп noval. 
12AV7 M Parallel circuits only. Same as 12SL7 to 12АТ7. 
12BH7 P | : 
12SN7 12АТТ Р Parallel circuits only. Same as 1251.7 to 12АТ7. 
12АТ7 с | 
12AV7 Р Any of these types that draw 0.3 ampere at 6.3 volts by paralleling the two 
12AX7 Р halves of the filament can be used to substitute for 12SN7 in series circuits by 
12AY7 E referring to 6SL7 to 12A T7 and rewiring in the manner shown there. 
12AZ' G 
12BH7 G Same as 1251,7 to 12АТТ. 
14AF7/XXD G Parallel circuits only. Change socket to loctal and rewire as follows: 
14Е7 E No. 1 on octal to No. 4 оп loctal 
2 to 3 
Ф © 3 to 2 (ORO) 
Or X9 4 to 5 ae 
Ө, © 6 929 
9 6 to 7 Ф 
ORIG. 7 to 8 SUB. 
8 to 1 
14N7 E Same as 12SN7 to 14AF7. Series or parallel circuits. 
12SQ7 (14X7 G Change socket to loctal and rewire as follows: 
| ; Мо. 2 оп octal to Мо. 3 оп loctal 
3 to 4 
67 © 4 tes 5 SS Qe 
O\/® 9 to 6 ој 0 
Ф 6 to 2 © 
ORIG. T to 8 SUB. 
8 to 1 
37 


125К7-14В6 


TUBE 


12SR7 


1257 


12SY7 


1223 


14A7 


14AF7 


14B6 


SUB. 
6ST7 
6T7 


7C6 


14X7 
6ST7 
6T7 
7C6 
14X7 


12BE6 


14Y4 


12AU6 
12BA6 
12BD6 


12АТ7 


77024107 


12AX7 
12АҮ7 
12AZ7 


12AV7 
12BH7 


12AT6 
12AV6 
12BF6 
12BK6 


 12BT6 


12BU6 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 
к 


Р 


a ют М. 70 79 


6200 002 Aa 


HOUA Ay 


CIRCUIT CHANGES NECESSARY 


Series circuits only. No changes. 


Series circuits only. Make adaptor as follows: 


No. 1 оп base 


to No. 
to 


“о No. 


to 


1 on top 
cap 


М -] CO сл њ CO 


3 on loctal 


2 
3 
4 
5 
6 
7 
8 
Series circuits only. Change socket to loctal and rewire as follows: 
No. 42 on Octal 
| 3 
@ (9 
ONO : 
@ 9 6 
7 
8 


same as 12507 to 14X7. 

Series circuits only. Co changes. 

Same as 12SR7 to 6T7. Series circuits only. 
Same as 12SR7 to 166. Series circuits only. 


Same as 12507 to 14X7. 


Change socket to miniature and rewire as follows: 


No. 2 on octal 


ORIG. 


со З O» сл d» C9 


Change socket to loctal and rewire as follows: 
No. 1 on four prong 


О; 30 3 
О O 4 
ORIG. 


Same as 7A7 to 6AU6. 


Change socket to noval and rewire as follows: 
No. on loctal 


1 

2 

3 

MOR 4 
eo 5 
ОДО) 6 
7 

8 


ORIG. 


to No. 


to No. 


to No. 


Parallel circuits only. Same as 14AF7 to 12AT7. 


Change socket to miniature and rewire as follows: 
No. 1 on loctal 


2 

3 

ФДА) 5 
eo 6 
7 

8 


to No. 
to 
to 
to 
to 
to 
to 


7 
(9 © 
с 66% 
(2 
2 967 
8 508. 
1 
3 оп miniature 
5 
6 599 
1 Q © 
9 © о 
4 508. 
7 
1 оп loctal 
3&6 @ @ 
7 (9 © 
8 (2 © 
(D (6) 
508. 
4 оп noval 
3 
1 
9 (999) 
7 D & 
6 SUB. 
8 
5 


3 on miniature 
7 

1 699 
5 © © 
6 О © 

2 SUB. 

4 


t: 


TUBE 


14C7 


14E6 


14Е7 


14F8 


1477 


14N7 


6SS7 


6W7 


12AU6 
12BA6 
12BD6 


12Ј7 
12K7 


12SG7 
12SH7 
12SJ7 
12SK7 


7С6 


12AT6 
12AV6 
12BF6 
12BK6 
12BT6 
12BU6 


12AT7 
12AU7 
12AX7 
12AY7 
12AZ7 


12AV7 
12BH7 


12AT7 
12AU7 
12AX7 
12AY7 
12AZ7 


12AV7 
12BH7 


12A8 
12K8 


12АТ7 
12AU7 
12AV7 
12АХ7 
12АҮ7 


, 12421 


сччош оч AVIOO шиччшчч ч Va чо оош = 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 
PERF. 


P 


СД СР оз SG 


1467-44М7 | 
CIRCUIT CHANGES NECESSARY || 


Series circuits only. Change socket to octal and rewire as follows: 
No. 5 оп loctal to No. 1 on octal 


1 to 2 
2 to 3 ~ 
62 S 3 to 4 А. ~ 
© © 4 to 5 oo 
Ф 8 to 7 Ф 
ORIG. 7 to 8 : SUB. 
6 to cap 


Series circuits only. Change socket to octal and rewire as follows: 
No. 1 оп loctal to No. 2 on octal 


4 to 3 
OKO) 6 to 4 а) © 
QAO 7 to 5 (9/70 
(2 Ө) 3 t 6 (2 9 
Ф м Ф 
ORIG 8 to [ SUB. 
: 2 to 8 
Same as 14C7 to 6S7. Series circuits only. 
Same as 14A7 to 12AU6 
Same as 14С7 to 657. 
Same as 14C7 to 6557. 
Series circuits only. No changes. 
Same as 14B6 to 12AT6. 
Same as 14AF7 to 12AT7. 
Parallel circuits only. Same as 14AF7 to 12АТ7. 
Change socket to noval and rewire as follows: 
No. 1 on loctal to No. 2 on noval 
2 to 4 
ORO) 3 to 1 СЄ 
Бер 4 to 3 б? 
Ө, (7) 5 to 8 ча Oy, 
(9 6 to 6 7506. 
ORIG. 7 to 5 
8 to 7 


Substitutes classified "Р" not recommended for oscillator- 
mixer service. 


Parallel circuits only. Same as 14F8 to 12AT7. 12BH7 is not recommended 
for oscillator-mixer service. 


Reverse 12A8 to 7A8 procedure. 


Parallel circuits only. Same as 14АЕТ to 12АТ7. 
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а 
Э 
14N7-33 SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 
TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY 
| 14N7 12BH7 G Same as 14АЕТ to 12AT7. Series or parallel circuits. 
14Q7 ТАВ с Series circuits only. Rewire as follows: 


Remove wires from terminal No. 5 and tape up. 
No. 5 to No. 3 


12A8 F Change socket to octal and rewire as follows: 
12K8 G Мо. 1 оп loctal to No. 2 on octal 
2 to 3 
OLO) 3 to 4 
ae 4 to 5 
OAZO 5 to 8 
Ф б to cap 
ORIG. 7 to 8 
8 to 7 
12BA7 G Change socket to noval and rewire as follows: 
: Мо. 1 оп loctal to Мо. 4 оп noval 
2 to 9 
o) 3 to 1 
а tea SL - 
© о 
© 6 to 7 Vo 9 
ORIG. 7 to 3 TUE 
8 to 5 
12BE6 G Change socket to miniature and rewire as follows: 
Мо. 1 оп loctal to No. 3 on miniature 
2 to 5 
5 to 6 
за 4 to 1 090 
Ө) 
© 6 to 7 == 
ORIG. T to 2 
8 to 4 
14B8 G Same as 14Q7 to 7A8. 
19CB 19V8 G Reverse 19 V8 to 19C8 procedure. 
19T8 19V8 G Reverse 19V8 to 19C8 procedure. 
19V8 19C8 G Rewire as follows: 
19Т8 с Remove wires from No. 9 
No. 1 to No. 9 
2 to 1 
7 to 2 
3 to 7 
8 to 3 
6 to 8 
Connect wires removed from No. 9 to No. 6. 
25N6 43 P Same as 6L6 to 41. Series or parallel circuits. 
26Z5W 25X6 G Parallel circuits only. Change socket to octal and rewire as follows: 
2526 G No. 1 оп noval to No. 3 on octal 
3526 Р 3 to 4 ОДО) 
(999) 4 to 2 oy 
(2) 5 to 7 Ө, © 
2.5 6 to 5 Ф 
8 to 8 508. 
This substitution is not practical when the 26Z5W is 
operated on 13 volt filament supply with the two halves 
of its filament in parallel. 
33 1Е5 с Parallel circuits only. Same as 1F4 to 145. 
1G5 G 
1J5 G 


TUBE 


34 


3515 


35Y4 


35Z3 


3524 


3525 


tcn cn 
=| 


са 


50Х6 


50Ү6 


50Ү7 
5027 


50Х6 


50Ү6 


50Ү7 
5027 


5076 


5077 
5027 


3523 


Se ава = "уым сь ани т аа, уа раму аўра а ЫЧ ПРУ қысы : тутт 
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SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 34-3525 | 


PERF. 


G 
G 


tr] [r] 


но "d 


99 


де ан 


CIRCUIT CHANGES NECESSARY 


Change socket to octal and rewire as follows: 


7" Мо. 1 оп four prong to No. 2 on octal 
2 to 3 9 89 
Зь am 3 вд 4 (О) 
ра 4 to T ® (7) 
О 9 сар to cap © 
ORIG. SUB. 
Parallel circuits only. Change socket to six prong and rewire as follows: 
No. 1 оп five prong to No. 1 on six prong 
2 to 
3 to 
4 to 
9 to 
ORIG. cap to 


Change socket to loctal and rewire as follows: 


No. 2 On Octal to Мо. 1 оп loctal 
СЕС) 9 to 2 60 
© NO 4 to 3 OFNO 
QN. 209 5 to 6 20е 
0) 8 to 7 (D 
ORIG. 7 to 8 SUB. 


Add 150 ohms, 10 watt in series with filament circuit. 


Remove any wires anchored on No. 3, connect and tape up. Do the same for 
No. 6. Change connections as follows: 

Connect No. 2 to No. 3 and No. 6. 

Connect No. 2 and No. 7 together. 

Connect 40 ohms, 1 watt resistor from 

No. 1 to No. 4. 


Same as 35Y4 to 50Y7. Also insert 40 ohm, 1 watt resistor between No. 2 
and No. 6. 
Change socket to octal and rewire as follows: 


Мо. 1 оп loctal to No. 2 on octal 
@ © 2 to 3&5 
OFA © E to 6 
(2) Ө) 4 to 4&8 
© 8 to гі 


ORIG. 


Rewire as follows: : 
Remove, connect and tape up any wires anchored on No. 3. 
Do the same for No. 6. ! 
Connect No. 2 to No. 3. 
Connect No. 3 and No. 6 together. 
Connect No. 2 and No. 7 together. 


Change socket to octal and rewire as follows: 


Мо. 1 оп loctal to No. 2 on octal 
MOR 2 о EAS 
© © 7 to 4& 8 
(9 8 to 7 


ORIG. 
Same as 35Z3 to 50Y6. Except do not use terminal No. 6 on octal. 


Rewire as follows: 
Remove and tape up wires on No. 3. Do the same for No. 4. 
Connect No. 3 and No. 5 together. 
Connect No. 4 and No. 8 together. 


Rewire as follows: 
Remove and tape up wires on No. 3. Do the same for Nos. 4 & 6. 
Connect No. 3 and No. 5 together. : 
Connect No. 4 and No. 8 together. 
Do not use terminal No. 6. 


Change socket to loctal and rewire as follows: 


No. 2 оп octal to No. 1 on loctal 69 
3 to 3 OZZANO 
5 to 2 es 
1 іо 8 (9 
8 іо і SUB. 


Connect 40 ohm, 1 watt resistor from No. 1 to No. 3. 


4] 


ТАЗ 
í ÉL 


3525-50C6 
TUBE SUB. 
Ee! 3525 50Y6 
50Y7 
50Z7 
40Z5 
45 2A5 
47 
45Z5 35Y4 
50Y6 
50Y7 
50Z7 
| 5045; 12А6 
14A5 
50B5 35C5 
50C5 35B5 
35C5 
50B5 
50C6 35A5 
35B5 
35C5 


SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. CIRCUIT CHANGES NECESSARY 
Р Same as 3575 to 50Y7. Also connect а 40 ohm, 1 watt resistor from No. 2 
to No. 6. 
Р Rewire as follows: 
Р Remove and tape up wires on Мо. 4. Do the same for No. 6 


Connect No. 3 to Мо. 6. 
Connect No. 3 and No. 5 together. 
Connect No. 4 and No. 8 together. 


Refer to type 45Z5 for substitute. 


G Parallel circuits only. Same as 2A3 to 2A5. 
G Parallel circuits only. Same as 2АЗ to 47. 
G Change socket to miniature and rewire as follows: 
No. 2 on octal to No. 3 on miniature. 
ОХО) З to 
G/ 9 5 to 5 OOO 
©\ ZO 7 to 4 (9 G 
9 ® 8 to 7 
ORIG. $ SUB. 
Do not connect to unused terminals. 
G Same as 3525 to 50Ү6. 
G Same as 3525 to 5027. 
G 
Р Change socket to octal and rewire as follows: 
No. 1 оп loctal to No. 2 on octal 
©) EF to 3 
© © 3 to 4 9? A 
ONTAO) 6 to 5 Ф“ 209 
Ф 7 to 8 © 
ORIG. 8 to 7 508. 
Place а 250 ohm, 10 watt resistor in series with filament. 
Put a 250 ohm, 10 watt resistor in series with filament. 
E Rewire as follows: 
Interchange No. 1 and No. 2 connections. 
Interchange No. 5 and No. 7 connections. 
Place 100 ohm, 10 watt resistor in series with filament. 
E Same as complete 50B5 to 35C5 procedure. Except that for 50B5 no filament 
E resistor is required. | 
E 5 
Е Change socket to loctal and rewire as follows: 
Мо. 2 оп octal to No. 1 on loctal 
3 to 2 
4 to 3 69 u 
5 to 6 (QN ZG) 
8 to 7 Ф 
7 to 8 SUB. 
Place 100 ohm, 10 watt resistor in series with filament. 
E Change socket to miniature and rewire as follows: 
Мо. 2 оп octal to No. 3 on miniature 
3 to 5 5 
E to 6 © 
5 to 1 © 
> С 
7 to 4 SE 
8 to 2 
Do not use No. 7 on miniature. Place 100 ohm, 10 watt 
resistor in series with filament. 
E Change socket to miniature and rewire as follows: 
Мо. 2 on octal to Мо. 3 on miniature 
3 to 7 Өз) 
© 
4 to 6 oS © 
7 to 4 ше 
8 to 1 


Do not use terminal No. 5 on miniature. Place 100 ohm, 10 watt resistor in series 
with filament. 
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КТ66 
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11757 
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SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


PERF. 
E 
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M DO ч ое со б GI б 


а мо 


50C6-807 


CIRCUIT CHANGES NECESSARY 
Same as 50C6 to 35B5. 


Same as 35L6 to 14A5 except place a 250 ohm, 10 watt resistor in series 
with filament. 


Same as 35L6 to 14A5. Except do not add filament resistor. 
No changes. 


Change socket to loctal ànd rewire as follows: 


No. 2 оп Octal to No. 1 on loctal 
3 to 3 
4 ө 3 64 
7 to 8 (7) 
8 to 4 SUB. 


Parallel circuits only. Same as 34 to 1D5. 
Same as 57 to 35/51 


Parallel circuits only. Same as 6L6 to 6AL6. 


Parallel circuits only. Same as 6L6 to 6BG6. 


Parallel circuits only. No changes. 
No changes. 


Parallel circuits only. No changes. If push-pull circuit, change both tubes. 


Change socket to octal and rewire as follows: : - 
Мо. 1 on five prong to No. 2 on octal 
© 2 | to 3 
3 to 5 
© 9 E to 8 
© © 5 to 7 


T Filament leads need not be connected. 


Parallel circuits only. Change socket to six prong and rewire as follows: 


No. 1 оп five prong to No. 1 оп six prong 
Ө, 2 іо З 5 5 
3 to 5 Vs 
а й 4 to 4 Ss 
== 5 to 6 оо 
) 508. 


Same as 84/6Z4 to 024 procedure. Parallel circuits only. 


No changes. 


Make adaptor as follows: 3 


No. on base to No. 8 on top 


1 
2 
3 
4 to 
5 
7 


ct 
о 
D1 б м 


8 to 
AC line must connect to No. 7. 


Reverse 6AL6 to 807 procedure. 
Parallel circuits only. Reverse 6AR6 to 807 procedure. 


Change socket to octal and rewire as follows: 


„_ No. lon five prong to No. 2 on octal 
© Ф, 2 to 8 © 5 Ф 
4 to 3 Oo) 
9 9 5 to 7 O'® 
sd cap to cap 508. 
43 


РР OPERIS 
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TUBE 
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5881 


XXD 
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6CD6 
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6AL6 
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6BG6 
6CD6 


5881 


1B3 


1X2 


1Y2 


1Z2 


6AD7 


6A L6 


6AR6 
6F6 
6K6 
6U6 
6V6 
616 


1614 
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E 


G 
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SUPPLEMENT—RECEIVING TUBE SUBSTITUTION GUIDE 


CIRCUIT CHANGES NECESSARY 


Parallel circuits only. Same as 807 to 6BG6. When making this substitution be 
sure the filament power supply is capable of an additional 1.6 ampere load. 


Reverse 6L6 to 807 procedure. 
Same as 5881 to 6AL6. 


Parallel circuits only. Rewire as follows: 


Nọ, X to No. 8 
8 to 1 
4 to 5 
5 to T 
T to 6 


Same as 6L6 to 6BG6. 


Parallel circuits only. Same as 6L6 to 6BG6. Use only where addidional 
current is available from the filament power supply. 


No changes. 


Substitution can be accomplished by using 1X2, 1Х2А, 1V2, 1Y2, 122, 1B3GT only 
if space is available for mounting sockets and shield can. Refer to section 1 
of book. 


Install octal socket and rewire as follows: 
Remove wires connected to the pair of filament leads protruding 
from one end of the 5642 and reconnect to Nos. 2 and 7 
respectively on the 1B3 socket. 


Remove the wires connected to the plate lead protruding from the 
other end of the 5642 and reconnect to the cap of the 1B3. 


Install noval socket and rewire as follows: 
Remove wires connected to the pair of filament leads protruding 
from one end of the 5642 and reconnect to Nos. 1, 4, 6, & 9 and 
2, 5,& 8 on the 1X2 socket respectively. 


Remove the wires connected to the plate lead protruding from the 
other end of the 5642 and reconnect them to the cap of the 1X2. 


Install four prong socket and rewire as follows: 
Remove wires connected to the pair of filament leads protruding 
from one end of the 5642 and reconnect to Nos. 1 and 4 respectively. 


Remove wires connected to the plate lead protruding from the other 
end of the 5642 and reconnect to the cap of the 1Y2. 


Install miniature socket and rewire as follows: 
Remove wires connected to the pair of filament leads protruding 
from one end of the 5642 and reconnect to Nos. 1, 3, 4,& 6 and 
2, 5,& 7 respectively on the 1Z2 socket. 


Remove wires connected to the plate lead protruding from the other 
end of the 5642 and reconnect to the cap on the 122. 


Parallel circuits only. Remove and tape up any wires anchored on pins Nos. 1 and 6. 
The 5881 is an industrial type 6L6 with identical characteristics. 


Parallel circuits only. Rewire as follows: 
Connect No. 3 to cap. 


Parallel circuits only. Same as 1614 to 6AR6. 


Parallel circuits only. No changes. 


No changes. 
No changes. 


Same as type 14AF7 substitutes. 
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